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I. INTRODUCTION 
A. Statement of the Problem 
When 1-benzenesulfonyl-2-bromomethylethyleneimine, I, is treated 
in benzene with aluminum chloride, N-(3,3-diphenylpropyl)-benzene-
sulfonamide, II, is obtained. The purpose of the work described in 
this dissertation is to examine possible reaction paths in the light 
of\ results from a carbon-14 tracer study. By labeling the carbon at 
the 3-position of the starting material, I, the location of this 
carbon in the product, II, can be determined. As the result of. this 
I TI 
work it has been possible to advance at least one mechanism consistent 
not only with the experimentally determined fate of the number 3 
carbon atom but also with all other available data. 
The following pages present relevant background material, de-
scribe the experiments performed in a general and also in a detailed 
manner, and analyze the experimental results as they bear on the 
question of mechanism. 
B. Histor;r 
1. Structure of 1-Benzenesulfon.yl-2-bromometh:ylethyleneimine 
1-Benzenesulfonyl-2-bromomethylethyleneimine, I, was prepared 
by Adberhalden and Paquin (1) from 2,3-dibromopropylamine, III. 
_oCBr . 
f ""' : CR CHBr·HBr 
""/ N 
/CB~ 
CH CHBr ~/ 
H so2 c6 ~ 
Ill IV v 
These workers, however, advanced the incorrect structure V for I, 
and incorrect structure IV was advanced for an intermediate amine 
salt. When, in a reinvestigation of:these reactions, Gensler (49) 
showed that structure IV had mistakenly been assigned to the hydro-
bromide of the starting material, III, structure V became untenable 
for the alkali-insoluble benzenesulfonamide and, on the basis of its 
molecular weight and elementary analysis, structure I was proposed 
for this compound. The normal benze~esulfonyl derivative, VI, of 
Ill VI 
2,3-dibromopropylamine was obtained both from the reaction o:f III 
wi~h benzenesulfonyl chloride by the use o:f sodium carbonate in 
place o:f sodium hydroxide and :from the addition o:f bromine to N-
a.J.:cylbenzenesulfonamide, VII, (50). This derivative was readily 
converted to 1-benzenesulfonyl-2-bromomethylethyleneimine,-I, when 
2 
Ill 
cH2=CHCH2NHSo2 c 6H5 
VII 
~Ci/Nct~'cn 
exposed to dilute alkali. 
cH2fHCH2NHSJ2 c 6 H5 t. Br-
VI 
3 
Such a cyclization to form a tbfee-membered ring from a 1,2-
benzenesulfonamido-alkyl halide has analogies in the literature. 
Adams and Cairns (2) converted N-p-b:rom.obenzenesulfonyl-2-m.ethyl-
2-chloropropylamine, VIII, to ·1-p-brom.obenzenesulfonyl-2,2-dimethyl-
ethyleneimine, IX, by treatment with .cold 10 per cent aqueous sodium 
Bt-C6H4so2NHCH2 l (cH3 )2 
Cl 
VIII 
,.........c6H5 
CH3c6H~so2NH CH 
- '--cH2Br 
X 
IX 
ow 
XII XIII 
hydroxide. Kharasch and Priestley (60) similarly obtained 1-p-
toluenesulfonyl-2-phenylethyleneimi~e, XI, by the action of alco-
holic sodium· hydroxide on N-p-toluenesulfonyl-1-phenyl-2-brom.o-
ethylamine, X. Gensler and Rockett (51) have reported the 
cr,yclization of l-phenyl~2-benzenesulfonamido-3-bramopropane, XII, 
' . 
·to 1-benzenesulfonyl-2-benzylethyleiieimine, XIII, under the influence 
of dilute alkali. 
At least one other structure for the alkali-insoluble product 
obtained from III, that of 1-benzenesulfonyl-3-bramoazetidine, 
XIV, was consistent with all of the experimental evidence. However, 
this possibility was eliminated by the fact that treatment of the 
XIV 
4 
sulfonamide, I, with 4S per cent hydrobromic acid gave a dibromopropyl 
benzenesulfonamide which was isomeric with N-benzenesulfonyl-2,3-
dibromopropylamine, VI, and which, therefore, must have had structure 
XV. The correct structure was prove:q. by the unequivocal synthesis of 
N-benzenesulfonyl-2-amino-1,3-dibrom~propane, XV, from 2-amino-1,3-
dibramopropane, XVI, and benzenesulfonyl chloride in aqueous sodium 
carbonate and conversion of this material to 1-benzenesulfonyl-2-
bromamethylethyleneimine with dilute alkali. 
BrCJ-1 CHCH Br 21 2 
NH2 
XVI 
XV 
~H2c\/CH2 
Br N 
I 
l 
so2 c6 H5 
2. N-(3,3-Diphen..ylpropyl)-benzenesulfonamide from the Reaction of 
l-Benzenesulfonyl-2~bromomethyleth.yleneimine with Benzene and 
Aluminum Chloride 
During a.n investigation of t·he :chemistry of this compound 
' 
Gensler a.nd Rockett (52) treated l-b~nzenesulfonyl-2-bromomethyl-
ethyleneimine, I, under Friedel-Crafts conditions with aluminum 
chloride in benzene. Although ~ o~e of several compounds such 
as 1-benzenesulfony~-2-benzylethylen~imine, XIII, or 2-benzenesul-
fonamido-1,3-diphenylpropane, XVII, ~gbt have been expected as 
' 
products of the reaction, the only compound that could be isolated 
XIII 
C6H5 cH2~in CH 2 c 6 H5 
NH 
l 
so2 c 6 H5 
XVII 
from the reaction m.ixture was a totally Unexpected product, N-(3,3-
diphenylpropyl)-benzenesulfonamide, II. This compound, whose struc-
[Cli5)2c HC H2 cH2NH so2 c 6H5 
II 
ture was proven by synthesis from the known 3,3-diphenylpropylamine, 
was obtained in about 30 per cent yie~d when benzene was the solvent 
a.nd when 1. 5 moles of aluminum chloride was used. No other pure 
5 
I 
1 
i 
I 
6 
I 
product could be isolated, nor coulq the yield be improved by varying 
I 
conditions. i 
In an attempt to offer a plaus~bl~ mechanism for this reaction, 
. I 
I 
several compounds which could, in t~eory, be intermediates in the 
formation of N-(3,3-diphenylpropyl)1lenzenesulfonamide were prepared 
I i . 
by Gensler and Rockett and exposed tp the action of aluminum chloride 
! 
in benzene under conditions comparabRe to those used in the original 
reaction. 
a) 2~Benzenesulfonamido-1,3-di~henylpropane, XVII, was pre-
pared by treating dibenzyl ketone, xyrii, with ammonium formate at 
175°, hydrolyzing the formyl derivative, XIX, with aqueous sulfuric 
I I -
i 
1 ) HCOONH4 ( ) 1 lC6H5 cH2 2co c 6 H5cH2 2c~N HCHO I 
I 
XVIII XIX XX 
I 
I 
acid, and treating the resulting a.nn.Je, XX, with benzenesulfonyl 
! 
1 
chloride in aqueous sodium hydroxide.i When this material was treated 
! 
with aluminum chloride in benzene un~er conditions comparable to 
those used in the original Friedel-Cr~ts reaction, starting material, 
XVII, was recovered in over 70 per ceht yield. No other products 
were isolated. 
b) 2-Benzenesulfonamido-1-bromoL 3-phenylpropane, lli, was pre-
pared from dl-phenylalanine by reducing the ethyl ester, XXI, of 
the amino acid to dl-phenylalaniol, XXII, converting this compound 
to 2-amino-1-bromo-3-phenylpropane ~obromide, XXIII, by treatment 
with concentrated hydrobromic acid in:a sealed tube and treating the 
7 
i 
amine salt with benzenesulfonyl chl~ide and sodium carbonate~ This 
XXI 
I 
c 8 H5cH2 cHcH2 Br-~H 2 
X XJII 
X XII 
I 
I 
H Br 
C 8H 5cH2 ~H cH2 Br 
NHso2 c 8 H5 
XII 
material also was recovered in over to per cent yield when treated 
with aluminum chloride in benzene un~er conditions comparable to those 
used in the original Friedel-Crafts }eaction; 
c) l-Benzenesulfonamid0:2-benztlethyleneimine~ XIII~ obtainable 
I 
from 2-benzenesulfonam.ido-l.-bromo-3-*henylpropane~ XII~ by treatment 
with aqueous alkali~ also was treate4 with aluminum chloride in ben-
! 
zene under conditions similar to tho~e used before. Only an in-
c 6H5 CH2~HC H2 Bt-
NHSo2c6H5 
XII 
tractable oil was obtained 
NaOH \ c H CH CH--CH 
6 s .2 \I 2 
I from whic~ no 
I 
I 
N 
so2 c 6H5 
X Ill 
pure products were isolated. 
d) Finally~ N-(cinnamyl)-benze~esulfonamide~ XXIV, obtained by 
I 
a modified Gabriel synthesis from ci$,amyl chloride, · XXV~ was sub-
' 
jected to the action of aluminum chlo~ide in benzene under conditions 
corresponding to those of the origina~ Friedel-Craft reaction. The 
I XXIV 
i 
I 
only product isolated was benzenesulfonamide in 40 per cent yield. I . 
These, results showed that compounds hi, XIII, XVII, and XXIV cannot 
I 
be intermediates in the conversion o* I to II, and consequently that 
any reaction path calling for any of these compounds as intermediates 
can be eliminated. 
Three reaction paths that remai ed untested were also suggested 
by Gensler and Rockett (52): The fi of these would involve initial 
/c~ 
C6H5CH CH 
""' / 2 N 
so2 c6 H5 
XXVI XXVII XXVlll 
l / 
II 
I 
9 
attack by the aluminum chloride on ~he sulfonamide nitrogen, followed 
I 
by ring opening and loss of a proto, to form N-(3-bromoallyl)-benzene-
sulfona.mide, XXVI, as an intermediatl. This compound, while ad-
missible on the basis of present exprrimental evidence, would appear 
to have a drawback in that the allylfc carbon-nitrogen link in XXVI, 
in contrast to the corresponding 1m¥ in N-( cinnamyl)-benzenesulfon-
amide, XXIV, would have to be resista t to cleavage to benzenesulfon-
amide. 
The second of the untested reac,ion paths also involved initial 
attack by the aluminum chloride on t e sulfonamide nitrogen, followed 
by ring cleavage at the 2-position t give N-(3-bromo-2-phenylpropyl)-
benzenesulfonamide, XXVII. For this compound to react further to 
give II, further rearrangements invo ving some kind of a 1,2-phenyl 
shift would be required. Since, as ~11 be discussed in section III, 
such shifts are not uncommon, and since no evidence against this 
reaction path has been produced in t:t present work, this compound 
must still be considered a possible ·
1 
termediate. 
The last of the three untested rtaction paths involved initial 
attack by aluminum chloride on the br mine, rather than on the sul-
fonamide nitrogen, followed first by earrangement of the intermediate 
I 
so formed, and then by combination with a benzene molecule to give 
1-benzenesulfonyl-2-phenylazetidine, ~II. The restriction of 
rearrangement before attack on benzen~ was imposed by the fact, al-
l 
ready ~entioned, that 1-benzenesulfonfl-2-benzylethyleneimine, XIII, 
had been tested and had been £ound n"i to be a permissible intermediate. 
I 
10 
The reaction path: 
c6 H5 cH2 c\7cH2 
---+ N 
I 
so2 c6H5 
/c~ 
c6H5cH CH 2 
"'N/ 
so2c6 H 5 
XIII X XVIII 
was therefore excluded. 
As Gensler and Rockett had already pointed out, this intermediate, 
XXVIII, was of special interest in that a four-membered ring compound 
is derived from a three-membered ring compound in a manner at least 
formally analogous to the generation of cyclobutyl compounds from the 
cyclopropyl cation (79) (l3). The possibility that this was more 
than just a formal analogy inspired the research reported in this 
dissertation. 
II. DISCUSSION OF THE EXPERIMENTS 
A. Introduction 
A test of the azetidine XXVIII as a possible intermediate in 
the formation of N-(3,3-diphenylpropyl)-benzenesulfonamide, II, 
from 1-benzenesulfonyl-2-bromomethylethyleneimine, I, was the first 
step in the present work. 
II 
XXVIII 
1-Benzenesulfonyl-2-phenylazetidine, XXVIII, was synthesized 
by treating cinnamic acid, XXIX, with two moles of hydroxylamine, 
reducing the 3-am.ino-3-phenylpropionic acid, XXX, with lithium 
aluminum hydride and treating the resulting amino alcohol, XXXI, 
with benzenesulfonyl chloride in the presence of dilute alkali. 
ll 
These steps are illustrated in Figure 1. On treatment with aluminum 
chloride in benzene this compound, XXVIII, was converted in good yield 
to the expected product, N-(3,3-diphenylpropyl)-benzenesulfonamide, 
II+ The succesful conversion demonstrated that the azetidine was a 
permissible intermediate. 
In considering possible mechanisms by which this postulated 
intermediate could have been generated (see section III), it was 
realized that labelling of position 3 would help in deciding between 
several suggested paths. Accordingly, this position was labelled 
with carbon-14 as outlined in Figure 2. Carbonation of vinylmag-
nesium bromide, XXXIII, with labelled carbon dioxide gave acrylic-
l-cl4 acid, XXXIV. To protect the double bond and prevent isomeri-
12 
zation during subsequent reactions the acid was added t.o anthracene 
by a conventional diene synthesis and converted to the amide, XXXVI. 
Reduction with lithium aluminum hydride followed by pyrolytic cleav-
age of the adduct, XXXVII, generated allylamine-l-Cl4, XXXVIII, 
which was not isolated but . converted directly to the benzenesulfonyl 
derivative, VII. Bromination followed by treatment with dilute 
alkali gave l-benzenesulfonyl-2-bromomethylethylen~imine-3-cl4, I. 
So that unambiguous conclusions regarding the reaction path 
could be drawn f'rom the distribution of isotopic label in the final 
product of the Friedel-Crafts reaction, it was necessary to demonstrate 
that the position of the label in the starting material, l-benzene-
sulfonyl-2-bromom.ethylethyleneindne-3-Cl4, I, was as indicated. Since 
there was no readily apparent method available for the stepwise de-
gradation of this compound and since it appeared unlikely that any 
rearrangements could have occurred in the synthesis of' this compound 
from its immediate precursor, N-(allyl-l-c14)-benzenesulf'onamide, 
VII, the position of labelling in the latter compound was determined. 
Figure 3 outlines the reactions employed. 
13 
Preliminary experiments had shown that simultaneous isolation o.f 
both fragments resulting from the cleavage of the double bond of the 
allylbenzenesulf'onamide would be difficult at best. Therefore, the 
two fragments were isolated from separate reactions. Formaldehyde 
was readily isolated as the methone derivative after treatment with 
ozone followed by reductive cleavage of the ozonides with zinc and 
water. Ozonolysis followed by oxidative cleavage with hot, alkaline 
silver oxide yielded the other fragment, N-benzenesulf'onylglycine, 
XXXIX, which after esterification with diazomethane was treated with 
phenylmagnesium bromide to give the ot-benzenesulf'onamido-carbinol, 
XLI. This compound with lead oxide in acetic acid gave formaldehyde, 
again isolated as the methone derivative, and benzophenone, isolated 
as the phenylbydrazone. The radioactivity analyses, which are dis-
cussed in detail below, showed that 100 ± 2% of the total activity of 
N-(allyl-l-cl4)-benzenesulfonamide, VII, was located in the 1-
position of the allyl group. On this basis the reasonable assumption 
was made that the derived ethyleneim.ine was actually l-benzenesul-
fonyl-2-bromamethylethyleneim.ine-3-Cl4. 
When the l-benzenesulfonyl-2-bramomethylethyleneim.ine-3-Cl4 was 
treated with aluminum chloride in benzene under the conditions de-
scribed by Gensler and Rockett (52), N-(3,3-diphenylpropyl-1-014) 
benzenesulfonamide was isolated in 22 per cent yield. The position 
of the radioactive label was demonstrated (Figure 4) by hydrolysis 
of the sulfonamide,II, with a hydrobromic acid-phenol mixture, form-
at,ion of the N,N-dim.ethylamine, XLIII, through treatment with for-
maldehyde-for.mic acid and oxidation of this amine to the corresponding 
amine oxide, XLIV, with 30 per cent hydrogen peroxide. The amine 
oxide was pyrolyzed to give 3,3-diphenylpropene, XLV, which was 
cle~ ozonized to formaldehyde, isolated as the methone derivative, 
and diphenylacetaldehyde, XL~, isolated as the semicarbazone. Radio-
activity analysis showed that the formaldimethone contained 100 ± 1% 
of the total activity of the original amine, XLII. A detailed dis-
cussion of the significance of this result is reserved for section 
III. 
FIG-URE I. 
SYNTHESIS OF J -BENZENSULFONYL -2- PHENYL-
AZETIDittE 
\ 
c6 H5CH =CH-C OOH 
2 NH20H • C H -CH -GH -COOH 
LiAIH4 ) 
6 s I 2 
NH2 
XXIX XXX 
C6H59H CH£H2 OH 
Cc)j,sS02CI /c~ ) C6H5 CH Cl~ ow ~/ NH2 N I 
so2c6H5 
XXXI XXVIII 
_/ 
15 
FIGURE 2. 
SYNTHESIS Of= 
I-BENZENES U L FONY L -2-B,RO M 0 M ETHYLETHYLENEIM INE-3-c1' 
CH2=CHG•OOH 
XXXII XXXIII XXXIV 
rCCO ~CH I • SOCiz ....., I 2 2. NH40H GHC*OOH 
x*xv 
~CH2 LiAIH,. ~GH2 A ~ ~)'"'f r:;; I ~ 
CHC•ONH2 CHC•H2NH2 
XXXVI XXXVII 
C6H5so2CI 
NaOH 
XXXVIII 
CH2=CH C•H2 NHS02 C6H5 
VII 
16 
F IC.URE 3. 
DEC.RA DATION OF tHALLYL -l-c'4l-BENZENESULFONAM 10 E 
VII 
.----' '_ __:03"'--------'11 I . 03 
t 2. Zn/H2o 2. Ag2 0IH2o 
'----L--------
C6H5S02NHCH2C OOH 
XXXIX 
1 CHzNz 
C6H5so2N H C H2CO OC H3 
XL 
1 c6H5 Mg8r 
C6H5so2 NHCH2C!C6H5J2 I . 
OH 
xu 1 Pb304 /HOAc 
C~=O + O=C!C6H5J2 
--------~---- / 
17 
FICURE 4. 
DEG-RADATION OF I'H3,3-DI.PHENYLPROPYU- B ENZENESU LFONAM IDE 
IC6H5l2CHCH2CH2NHS02 C6H5 
II 
11. HBr/C6H,oOH 2. oH-
tc6H51fHCH2cH2NH2 
XLII l CHzO/ HCOOH 
I C6H5l2CHCH2CH2 N I CH3l2 
XLIII l Hzo2 
IG6H5J2 CH CH2CH2 NICH3J2 1 ~ 
XLIV 
CC 6H5l2CHCH=CH2 
XLV 
11. 03 2. Zn/H2o 
IC6H5J2CHCHO + CH2o 
XLVI 
1~ 
19 
B. l-Benzenesulfonyl-2-phenylazetidine as an Intermediate 
Of the methods available for preparing N-arylsulfonyl derivatives 
of azetidine (40), the ones most frequently used are variations of 
the method employed by Marckwald and v. Droste-Huelshoff (66) for 
the preparation of N-(p-toluenesulfonyl)-azetidine from 1,3-dibromo-
propane and toluenesulfonamide. In general, the reaction may be 
written: 
I I I I I 1 
-c-c-c- -c-c-c-
1 I 1 I I 
X X NH X 
I . 
S02 Ar 
where nxn must be a substituent that can be readily displaced in a 
nucleophilic substitution reaction. Since 3-amino-3-phenylpropanol 
had been prepared before (58), it was decided to convert this amino 
alcohol to the corresponding di-benzenesulfonyl derivative and treat 
this material with alkali. The product expected from 
~ this reaction would be l-benzenesulfonyl-2-phenylazetidine. 
The procedure used in the synthesis of the amino alcohol bas 
been outlined in Figure l. 3-Amino-3-phenylpropionic acid was pre-
pared by the method of Posner (75) as described by steiger in Organic 
Syntheses (102). The reaction consists simply of refluxi.ng cinnamic 
20 
acid with two equivalents of hydroxylamine in an ethanolic solution. 
Although Steiger's directions for this preparation were followed 
scrupulously, the yield in each of two runs was 14-15 per cent in-
stead of the 34 per cent reported by Steiger. Tsutsumi and Iwata 
(10$) have investigated this reaction and have also reported only 
15 per cent yield. These workers report that the yield is increased 
to 30-40 per cent by the use of the catalysts: Nix_Oy, HgO, Ag2o, 
PbO, Cr2o3, Sno2, Si02, and A12o3• The original paper is unfor-
tunately not in English and no experimental details are given in the 
abstract. Nevertheless, mercuric oxide was added to the reaction 
mixture in one run as described in the experimental section. No 
significant improvement in the yield was noted. 
An interesting phenomenon, which has not been reported by any 
of the authors quoted, was observed in every preparation of the amino 
acid. After the reaction mixture had reflux.ed a .few hours, white 
crystals formed in the condenser. This material~ on the basis of 
the evidence described in the experimental section, is probably 
hydroxylamine carbonate or bicarbonate. Although carbon dioxide 
has not been reported as a product of the reaction, Posner (76) 
isolated the decarboxylated oxime, XLII, from the reaction mixture. 
XL II 
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This author also reported that prolongation of the reflux period 
beyond the recommended time results in a decreased yield of the amino 
acid and an increased yield of acetophenoneoxime (XLII). It seems 
probable therefore, that carbon dioxide is formed as the reaction 
proceeds. 
3-Amino-3-phenylpropionic acid was reduced smoothly to 3-
amino-3-phenylpropanol, :x:x.x:r, in 88 per cent yield with lithium 
aluminum hydride. The lithium aluminum hydride reduction of 3-amino-
3-phenylpropionic acid to the amino alcohol has since been reported 
by Rodionov and Kiseleva (81) but at the time the present author 
prepared this material, the only previous reported preparation of 
the amino alcohol had been that of Jenner (58). A sample was prepared 
by the Jenner method which consisted of treating styrene with a mix-
ture of paraformaldehyde in sulfuric acid and acetonitrile in acetic 
acid and hydrolyzing the resulting 3-acetylamino-3-phenylpropyl 
C6H5 CHCH 2 cH2 OH I 
NH2 
XXXI 
c 6H5 ~HCH2cH2ococH3 
NHCOCH3 
XLill 
acetate, XLIII, with aqueous alkali. A mixture of the amino alcohols 
obtained by the two procedures showed no depression in melting point. 
Jenner has stated that the reaction is quite general. Not only may 
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a variety of olefins be employed for the reaction but also various 
nitriles and acids other than the acetonitrile and acetic acid used 
here. He also stated that when an unsymmetrical mono-olefin is employed, 
the acylamino group becomes attached to the carbon atom bearing the 
lesser number of hydrogen atoms. No experimental evidence for the 
structure of his products was given, however. The yield of amino 
alcohol ( 5 per cent from styrene) was much lower in the hands of the 
present author than that starting from cinnamic acid. The latter 
procedure, therefore was preferred for the synthesis of the amino 
·alcohol. 
The reaction of 3-amino-3-phenylpropanol, XXXI, with benzene-
sulfonyl chloride under Schotten-Baumann conditions gave, in low 
yield (6.8 per cent), 1-benzenesulfonyl-2-phenylazetidine, XXVIII. 
The major product, isolated in 76 per cent yield, was N-benzenesulfonyl-
3-amino-3-phenylpropanol, XLIII. These products were identified by 
their solubility behavior, carbon and hydrogen analyses, molecular 
weight determinations and infrared spectra as described in the ex-
perimental section. 
The low yield of the azetidine can be rationalized if one makes 
the assumption that the reaction of the benzenesulfonyl chloride with 
the amino group is faster than that with the hydroxyl group. If, 
then, the N-benzenesulfonyl amino alcohol, XLIII, is the major product 
of the first step of the reaction, it would be present in the reaction 
mixture largely as the anion, XLIIIa. This would then resist further 
attack by hydroxide ion because the negative charge on the molecule 
would make the approach of a second negative particle difficult. In 
X XXI 
c 6H5,HcH2 cH2 oH 
N-
J 
so2 c6H5 
X Lilla 
+ 
l 
/c~ 
c6 H5 CH CH2 
""-N/ 
I 
so2 c6 H5 
XXVIII 
this connection it is interesting to note that when this compound, 
XLIII, was again subjected to the Schotten-Baumann reaction, the 
amount of 1-benzenesulfonyl-2-phenylazetidine produced was too small 
to be isolated and identified. Only alkali soluble material was re-
covered. This was not investigated further but was probably starting 
material. The yield of 1-benzenesulfonyl-2-phenylazetidine was more 
than doubled when the reaction was carried out in pyridine before 
adding' alkali. In pyridine no free anion such as XLIIIa would be 
formed to any appreciable extent. 
For a compound to be considered a permissible intermediate in 
a reaction, a minimum requirement is that, under the conditions of 
the original reaction, it give the same product that was originally 
observed and, moreover, that the yield of this product be at least 
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as great as the yield in the original reaction. None o:f the postulated 
intermediates that had been tested as described in Section I-B 
had met this requirement. Both l-benzenesulfonyl-2-phe:nylazetidine 
and l-benzenesulfo:nyl-2-bromom.ethylethyleneimine (O.Ol28 mole and 
O.Ol27 mole respectively) were treated under identical conditions 
with aluminum chloride in benzene following the procedure described 
by Gensler and Rockett (52). The results are S'l.lllliilarized in Table I 
and compared with those reported by Gensler and Rockett. It is seen 
that this postulated intermediate does meet the minimum requirement 
described and is the only one of the postulated intermediates, so 
far tested, that does so. 
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TABLE I 
Camp~rison of Yields of N-(3,3-Diphenylpropyl)-
benzenesulfonamide from 1-Benzenesulfonyl-2-
phenylazetidine and from 1-Benzenesulfonyl-2-
bromomethylethyleneimine. 
Starting Material Per Cent Yield 
1-Benzenesulfonyl-2-phenylazetidine 73 
; 
1-Benzenesulfonyl-2-bromamethylethylene-
imine (present work) 15 
I 
1-Benzenesulfonyl-2-bromomethylethylene-
imine (Gensler and Rockett (52)) 30 
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C. Preparation of l-Benzenesulfonyl-2-bromomethylethyleneimine-3-Cl4. 
The procedure used in the synthesis of l-benzeneaulfonyl-2-
bromomethylethyleneimine-3-c14 has been outlined in Figure 2. The 
key intermediate in this sequence was allylamine-l-cl4, XXXVIII. 
Preparation of this material by some reaction of the type: 
CH =CH c 14H -X 2 2 + Y-NH 2 CH =cHti4H NH + X-Y 2 '2 2 
was avoided, because such methods, i_n possibly giving not only the 
desired material but also the isomeric -a.llylamine-3-Cl4, could 
complicate or even vitiate the projected work. Attention was therefore 
focussed on the possibility of obtaining the amine by reduction of 
an amide or a nitrile. Direct reduction of either acrylamide or acrylo-
nitrile was also considered not too attractive a possibility. Al-
though a few cases exist in the literature of the reduction of an 
0(,(3-unsaturated nitrile by lithium aluminum hydride to the corres-
ponding unsaturated amine (see. for example ( 41)) there are also a 
number of examples in the literature of such compounds being reduced 
to the saturated amine (4.8). The reduction of ()(~-unsaturated amides 
to the corresponding unsaturated amines is even more difficult. In 
fact Snyder and Putnam (100), investigating the action of lithium. 
aluminum hydride on substituted acrylamides, found that the ethylenic 
linkage was attacked in preference to the amide group. It was ap-
parent, therefore, that if the ethylenic linkage were to be present 
in the precursors of allylamine-l-c14, it would have to be protected 
by some means during the reduction of the amide or the nitrile to 
the amine. 
A method of protecting a double bond during a reaction with 
subsequent regeneration of the unsaturated link, involves formation 
of a Diels-Alder adduct of the unsaturated material with anthracene 
followed by pyrolytic cleavage of the adduct to regenerate the 
olefin (6), (10), (S7), (5). As a related example of a recent 
application of this method, the preparation of allyl-l-H2 acetate 
from methyl acrylate (10) may be mentioned. The methyl acrylate 
was added to anthracene across the 9,10 position (36), (37), (31), 
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by a conventional diane synthesis. The product, methyl 9, 10-di.bydro-
9,1G-ethanoanthracene-ll-carboxylate, XLIV, was reduced with lithium 
aluminum deuteride and the resulting deuterated alcohol was acetyl-
ated with acetyl chloride. When this material, XLV, was heated to 
350-360°, the adduct cleaved to regenerate the anthracene and liberate 
the allyl-l-H2 acetate, XLVI. All of these reactions can be carried 
1. LiA1D4 
2. CH3COC1 
+ 
.---cH2 
ci4H10 I 
'----CHco
2
0Ac 
XLV 
..----CH2 
I 
'-----<CH COOCH3 
XLIV 
XLVI 
out in high yield. It can be seen that this methodsaould be - and 
in fact was - applicable to the synthesis of allylamine-l-e14. 
Incorporation of the radioactive label into a three-carbon 
n;J.olecule was accomplished by taking advantage of the recent dis-
covery by Normant (72) that vinyl halides readily, and in good yield, 
form Grignard derivatives when treated in tetrahydrofuran with mag-
nesium. This reaction, which was at first received with a measure 
of scepticism, has been confirmed by a number of investigators 
(69), (82), (92), and has recently been reviewed by Normant (73). 
The isotopic label was introduced in the form of carbon dioxide lib-
erated· from barium carbonate-el4 in a closed system using standard 
vacuum techniques (27). The gaseous carbon dioxide was dissolved in 
a well-cooled ( -20 to -25°) slurry of vinylmagnesium bromide in a 
mixture of tetrahydrofuran and ether. The resulting crude acrylic-
l-c14 acid, which was extracted from the hydrolized and acidified 
reaction mixture with ether, was not isolated b~ was treated direct-
ly with anthracene by the procedure described in the experimental 
section. The 9, 10-dihydro-9, 10-ethanoanthracene-ll-carbo:xylic-
carbo:xy~cl4 acid, obtained in about 30 per cent yield from barium 
carbonate, was then converted in 93 per cent yield to the amide. 
Reduction by lithium aluminum hydride to the amine was followed by 
a pyrolytic cleavage of the Dials-Alder adduct to regenerate the an-
thracene and liberate allylamine-1-014. 
Since this work was completed, Schilling and strong (88) have 
reported the preparation of acrylonitrile-l-c14 in 35 per cent yield 
from potassium cyanide-cl4. In this reaction sequence treatment with 
KCJ.4N Al 
potassium a,yanide-c14 converted ethylene chlorohydrin to ethylene 
cyanohydri.:r;l,. This compound was then dehydrated to acrylorrl.trile-
l-c14 by treatment with aluminum dust. Since Alder has stated that 
acrylonitrile can be reduced to allylamine via the anthracene ad-
duct (5) this synthesis of acrylonitrile-l-c14 offers an alternate 
pathway. to allylamine-l-c14. There seems to be little to recommend 
one procedure over the other aside from the lower cost of barium. 
carbonate-c14 relative to potassium cyanide-el4. 
The allylamine-l-c14 liberated from the reverse Diels-Alder 
reaction was collected as an aqueous solution of the hydrochloride. 
For convenience neither the amine nor the amine salt were isolated 
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but were converted to the benzenesulfonamide, VII. The overall 
yield of N-(allyl-l-c14)-benzenesulfonamide VII, from the 9,10-
dihydro-9, 10-ethanoanthracene-ll-carbo.xamide-carbonyl-Cl4, XXXVI, 
was 58 per cent. A small portion of the N-(allyl-l-cl4)-benzenesul-
fonamide was removed for the degradation described in Section E; 
the remainder was converted in 97 per cent yield to 1-benzenesulfonyl-
'· 
2-bramomethylethyleneimine-3-c14. 
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D. Radioactivity Measurements. 
The method used in the activity analyses was an adaptation 
of that of Schwebel, Isbell and Moyer (B9) and consisted of counting 
an llinfinitely thick" layer of a solution of the material to be 
analyzed in a suitable solvent in a windowless flow counter. This 
procedure has been used before in these laboratories (103) and has 
been found to be well suited for non-routine analyses of organic 
compounds provided, of course, a suitable solvent for the compound 
could be found. In practice, this is not a serious limitation 
because soluble derivatives can usually be prepared of most organic 
compounds. Thus it was found that while, in general, dinitrophenyl-
hydrazones of monofunctional aldehydes and ketones were insoluble 
in the solvents to be used, the corresponding phenylhydrazones, 
were soluble and the semicarbazones were found to be even more soluble. 
As Schwebel, Isbell and Moyer have pointed out, the method 
has a number of advantages over those preyiously used. It eliminates 
the necessity of having to burn samples and collecting the carbon 
dioxide produced. It ~so eliminates or minimizes many of the com-
plications associated with the counting of solid samples such as 
variations in self-absorption and backscattering and, in same in-
stances, static charges that distort the field. 
The solution to be analyzed was counted in a stainless steel 
planchet of accurately known area.. Due to the low energy of the 
beta radiation of carbon-14, the thickness of the layer of solution 
is not critical provided it is more than 0.5 mm. This thickness 
provides an ttinfinitely thicktt layer i.e. a layer so thick that any 
radiation from the bottom of the layer is absorbed to such an extent 
by the solution above it, that it makes no appreciable contribution 
to the radiation being emitted from the surface 
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The choice of solvent is governed by three considerations 
besides the obvious one that it must dissolve the material to be 
analyzed. (1) It must have a low vapor pressure to avoid a change 
of concentration of the solute with time. (2) Its vapors should 
not form a conducting path across the high voltage wire insulation. 
(3) It must have little or no tendency to creep over the edge of the 
planchet or container. Several solvents were found to meet these 
requirements. Of these either formamide or dimethylformamide was 
.found to be a suitable solvent for all of the samples analyzed in 
the present work. 
The radioactivity levels of the various labeled compounds are 
given by numbers which are proportional to the molar activities 
and which are here designated as relative molar activities. As 
described in detail in section IV-D-1, the observed counts were 
corrected for background and measured relative to a barium carbonate-
cl4 standard o:f constant, but undetermined activity. The dimen-
sionless relative counts so obtained were corrected for sel.f-ab-
sorption o:f radiation by the sample and divided by the number o:f 
millimoles of the compound in the sample to get the relative molar 
activities. The absolute values o:f the relative molar activities 
are arbitrary to the extent that they are dependent on the activity, 
geometry, and mounting o:f the barium carbonate-c14 standard and 
also on the mounting and surface area of the sample planchet. 
The length of time of the counts was chosen so that the 
standard deviation of each determination would be about one per 
cent. Except for those of the inactive samples, all of the standard 
deviations were found. to be below 2 per cent and only one (Experiment 
D-10) was above 1. 5 per cent. These standard deviations take into 
account only the errors directly involved in the counting process 
and do not take into consideration the errors involved in preparing 
solutions and placing them in the counter. To obtain an estimate of 
the error involved in the total determination, the method described 
by Wilson (ll9) for estimating the variance from a series of dupli-
cates can be used. Thus:% if s2 is the variance, xi.j is the i th 
observation in the j th sample, ij is the mean of the j th sample, 
with Nj members, N is the total number of observations and k is the 
number of samples, then: 
s2:: 1 
N-k 
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This equation contains the implicit assumption that the standard 
deviation, in the units of xij' is in principle the same for all 
observations and does not depend on the magnitude of the observation. 
This is not true in the present case if the units of X •. are proportion-
l.J 
al to the relative molar activities. 
As mentioned before, the method of activity measurement was 
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designed so that the standard deviation due to the counting process 
sould be about one per cent of the total activity. Moreover the 
errors in the activity measurements due to errors in weighing and 
diluting will also be proportional to the total activity of the sample. 
Since the total activities of the samples varied approximately as 
the relative molar activities, the estimate of error that is of interest 
is the per cent standard deviation, S 1 , which may be calculated from 
the percent deviations from the mean, lOO(Xij - ij)/Xj , from the 
formul.a.: 
(st)2 = 1 
N-k 
The data needed for calculating the standard deviation have 
been collected in Table II. The first column lists the part of the 
experimental section in which the determination is described. The 
second column lists the observed relative molar activities, Xij' and 
the third, the average of the duplicate determinations, X.. The fourth 
J 
column lists the deviation from the mean and in the fifth column, the 
deviation is converted to per cent deviation. The sum of the squares 
of the fifth column divided by twelve (N - k) gave 7.26 for the 
variance, corresponding to 2. 7 per cent for the estimate of the standard 
deviation of the individual samples and 2.7/~or 1.9 per cent for the 
standard deviation of the means. 
All radioactive samples, after having been analyzed in duplicate, 
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were recrystallized and again analyzed in duplicate. The average 
relative molar activities~ before and after recrystallization~ of the 
six samples so analyzed are given in the second and third columns 
of Table III. The ·per cent difference between the two averages is 
given in the fourth column. 
The likelihood that the samples have the same activity before 
as after recrystallization - that is, the likelihood that the puri-
fication procedure has brought the activity to a constant level -
can be measured in terms of Student t values. The ntu values given 
in the last column of Table III were calculated from the formula 
(123): 
t- X-YI,-;;;-
S v~ 
where i and y are the two averages to be compared, n is the number of 
samples of x, m is the number of samples of y, and s is the standard 
deviation of the x's and y 1s. In the present ease n = m = 2 and 
s = 1. 9 (see page 33). The number of degrees of freedom available 
for measuring the error is k(n- 1)~ where k is the number of sets 
of measurements and n is the number of measurements per set (122). 
Since the standard deviation was calculated from a series of twelve 
sets of two measurements each, the number of degrees of freedom 
available for measuring the error is twelve. For this case the 
limiting values of t are given in Table IV. 
These values of t mean that one difference in five between 
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Table II 
Experiment xij xj lxij - xjl 100 l~j- xJI 
xj 
D-2-1 25.64 25.86 .22 0.85 
26.07 .. 23 0.89 
D-2-2 25.68 25.72 .04 0.16 
25.76 .04 0.16 
D-4-1 0.2581 0.2535 .0046 1.81 
0.2488 .0047 1.85 
D-4-2 0.2594 0.2551 .0043 1.69 
0.2507 .0044 1.72 
D-7-1 1.371 1.304 .067 5.14 
1.238 .o66 5.06 
D-7-2 1.263 1.260 .003 0.24 
1.257 .003 0.24 
D-10-1 1.243 1.279 .036 2.81 
1.315 .036 2.81 
D-10-2 1.284 1.288 .004 0.31 
1.292 .004 0.31 
E-4-1 4.947 4.970 .023 0.46 
4.992 .022 0.44 
E-4-2 2.410 2.432* .022 0.90 
2.454 .022 0.90 
F-5-1 2.445 ;:Zi427 .018 0.74 
2.409 .018 0.74 
F-5-2 2.399 2.423 .024 0.99 
2.446 .023 0.95 
* The sample of experiment E-4-2 was obtained by diluting the sample 
of experiment E-4-1 with· an equal amount of non-radioactive material 
(see experimental section). 
Table III 
Average Relative Molar Activity 
Before After 
Experiment recrystallization recrystallization 
D-2 25.86 25.72 
D-4 0.2535 0.2551 
D-7 :1:.304 1.260 
D-10 1.279 : l-.:.288 
E-4 2.485 2.,432 
F-5 2.427 2.423 
Per Cent 
Difference 
o.5 
o.6 
3.4 
0.7 
2.2 
0 .. 2 
1 
t 
.26 
.32 
1.79 
.34 
1.16 
.JJ. I 
I 
\.J.) 
()'. 
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samples (i - y) can be expected to have a t value higher than 1.36 
and one in ten higher than 1. 7S. Therefore, the values o:f t, as cal-
culated in Table III, are consistent· with the assumption that the purity 
of the samples had not changed during the recrystallization. 
Table IV 
Per Cent Probability t 
20 1.36 
10 1.7S 
5 2.1S 
E. Location of Isotopic Label in N-(Allyl-l-c14)-benzenesulfonamdde. 
The procedure used in the degradation of N-(allyl-l-c14)-
benzenesulfona.Iilide, VII, has been outlined in Figure 3 (page 17). 
The first step in the degradation of the allylic compound, 
CH2=cm-cH2-x (X = -NHS02C6H5) was ozonolysis so that the three-carbon 
chain would be split into a two-carbon fragment and a one-carbon frag-
ment. For convenience, the two fragments were isolated in separate 
experiments. 
The on~-carbon fragment was isolated, as the methone derivative 
of formaldehyde, after ozonolysis of VII in dichloromethane solution 
(cooled in a dry ice-acetone bath) followed by reductive cleavage of 
the ozonides with zinc and water. No solvent blank was run in this 
work but Slomp (95) has reported that ozone attack on dichloromethane 
at - 7S0 is negligible. 
The two-carbon fragment was isolated, as N-benzenesulfonyl-
glycine-2-c14, XXXIX, when the ozonides were decomposed with hot 
alkaline silver oxide by the method of Asinger (S). TheN-benzene-
sulfonylglycine-2-c14 was esterified with diazamet~ne and then treated 
with a large excess of phenylmagnesium bromide to convert it to N-
(2-hydroxy-2,2-diphenylethyl-l-c14)-benzenesulfonamide, XLI. 
This carbinol, n.I, representing carbon atoms 1 and 2 of the 
allyl group, the formaldimethone, supposedly representing carbon 
atom 3, and the starting material, VII, were analyzed for radioactivity. 
The results are given in the experimental section and are summarized 
in Table V. It is seen that the values obtained are not self-con 
sistent, for, if taken at their face value, they imply that the two 
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CH ;=:==cH -ci4H -NHSO C K 
2 2 2 6 5 
3 2 
VII 
fragments together contain 114 per cent of the original activity. 
The carbinol, XLI, representing positions 1 and 2, on cleavage with 
lead tetraacetate gave formaldehyde and benzophenone. The formaldehyde, 
isolated as the methone derivative and representing carbon atom 1 of 
Table V 
Compound Relative Molar Activity Position of Activity 
(c.f. formula VII) 
VII 100 + 2 % 1+2+3 
-
XLI 100 : 2 % 14-2 
Formaldimethone 14 .... 1% (3) 
vn, had the same relative molar activity - (102 !: 2 per cent) within 
experimental error as VII, whereas the benzophenone, collected as 
the phenylhydrazone and representing carbon atom 2 of VII, had no 
activity ( 0,.0 per cent). 
Since the formaldehyde obtained by ozonolysis of VII had supposedly 
been derived from carbon atom 3, one must consider the possibility 
that a signif'icant part of the total activity of the starting material, 
VII, was actually located at the 3-position of this molecule and that 
carbon atoms 1 and 2 combined, contained less than the total activity. 
However, if the activity were distributed, as postulated, among two 
or more atoms of VII, it is inconceivable that the reactions leading 
to the two carbon fragment, XLI, could have recombined this dispersed 
activity into a compound which has all of the original activity (on 
a per mole basis) at one position only. One is therefore led to the 
conclusion that 100 = 2 per cent (see section D for a discussion of 
errors) of the activity of the N-allylbenzenesulfonamide, VII, was 
located at position 1 and that the activity observed ~ the formaldehyde 
isolated from the ozonolysis of VII is derived from this position rather 
than from position 3. On the basis of this conclusion, the reasonable 
assumption was made that the 1-benzenesulfonyl-2-bromamethylethylene-
imine derived from the N-(allyl-l-cl4)-benzenesulfonamide was labeled 
at the 3-position of the ethyleneimine ring. These conclusions were 
confir.med.by the fact that degradation (see Section F) of the product, 
II, of the Friedel- Crafts reaction of l-benzenesulfonyl-2-bromomethyl-
ethyleneimine-3-cl4, I, showed unequivocally that all (100 !: 0.1 per 
cent) of the original activity of I was located at one position in II. 
Since the starting material, I, of this reaction had itself been de-
rived from the N-(allyl-l-cl4)-benzenesulfonamide, these results prove 
that all of the activity of the latter compound too was at one position 
only. 
Although ozonolysis has been used successfully to locate the 
distribution of isotopic labels in allylic compounds (90), (74), the 
isolation of ••abnormal products" from such ozonolyses is not without 
precedent. For instance, Knights and Waight (61) found that various 
3,3-disubstituted allyl alcohols, containing less than 2 per cent 
terminal methylene (cH2 = CRR') as measured by infrared spectroscopy, 
gave 20 to 25 per cent yields of formaldehyde on ozonolyses. Other 
workers have found that formic acid is formed from 3-substituted 
allyl alcohols and ethers on treatment with ozone followed by cleavage 
of the ozonide with silver oxide (124). Thus formic acid was isolated 
HCOOH (23 per cent) 
C:f2=CH~HC~ CH3COOH (25 per cent) 
OH 
in 23 per cent yield from crotyl alcohol and in 25 per cent yield 
from crotyl ethyl ether on ozonolysis. On the other hand, acetic 
acid was isolated in 25 per cent yield from the ozonolysis of 1-
methylallyl alcohol. Such abnormal ozonolyses have been discussed in 
two recent reviews (63) (9). It is found that in general, varying 
amounts of such "abnormaln product-e- will result if the olefin being 
' t t 
ozonized posesses the system ~=c-y-x where X is a nitrogen, oxygen 
or sulfur containing substituent that can stabilize a carbonium ion 
such as +cH2-x. The system in the present work meets these requirements. 
In N-allyl-benzenesulfonamide X is the benzenesulfonamide group which 
would be able to stabilize the postulated carbonium ion, +cH2-x, 
either by resonance or by reaction: 
- H+ 
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F. Preparation and Degr~dation of N-(3,3-Diphenylpropy1-l-c14)-
benzenesulfonamide. 
The l-benzenesulfonyl-2-bromomethylethyleneimine-3-c14, I, was 
converted in 22 per cent yield to N-(3,3-diphenylpropyl-l-c14)-benzene-
sulfonamide, II, by treatment with aluminum chloride in benzene using 
the conditions prescribed by Gensler and Rockett (52). The only 
significant change made in the procedure was that of using non-radio-
active N-(3,3-diphenylpropyl)-benzenesulfonamide as a scavenger (as 
described in the experimental section) to increase the radioactive 
yield of II. 
The procedure used in the degradation of the N-(3,3-diphenyl-
propyl-l-c14)-benzenesulfonamide has been outlined in Figure 4 (page 
18). Gensler and Rockett (52) found that the sulfonamide linkage 
could be cleaved in low yield by reduction of II with either sodium 
and isoa.myl alcohol or with lithium aluminum hydride, or in 61 per 
cent yield by hydrolytic cleavage using concentrated hydrochloric 
acid at 160°. In the present work it was found more convenient to use 
the method, recently developed by Snyder and Heckert (98), of refluxing 
the sulfonamide in a :mixture of constant boiling (48 per cent) hydro-
bromic acid and phenol at atmospheric pressure. Pure aqueous hydro-
bromic acid has two serious disadvantages as a hydrolyzing agent. 
On the one hand sulfonamides are ordinarily practically insoluble in 
aqueous media and on the other hand, bromine is produced during th~ 
course of the hydrolysis - apparently as a result of the oxidizing 
action of the sulfonyl groups which are reduced to the disulfide 
stage (99): 
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+ 
ArSBr + 
1 Iffir 
ArSSAr + 
The addition of phenol to the reaction mixture helps overcome 
both of these difficulties. Phenol is not only a good bromine ac-
captor but its solvent action increases the rate of the reaction, 
by making the sulfonamide more soluble, so that the reaction can be 
carried to ·completion in a reasonably short time at the temperature 
of the refluxing mixture. 
After the reaction mixture had been made alkaline with sodium 
hydroxide, the amine was extracted with ether and converted to the 
hydrochloride salt. This salt was diluted with non-radioactive 3,3-
, 
diphenylpropylamine hydrochloride and crystallized to constant 
activity and constant melting point. No further dilutions were 
then made in the following reactions: 
The 3,3-diphenylpropylamine-l-cl4 was converted in 61 per cent 
yield to the N,N-dimethyl derivative, U.III, by heating a mixture of 
the amine, 37 per cent formaldehyde and formic acid on a steam bath 
for five hours. The product was purified by distillation and recrystal-
lization from petroleum ether (30-60°) and then converted to the amine 
oxide by stirring a solution of the amine and of.hydrogen peroxide in 
methanol at room temperature for twenty-four hours. After the excess 
hydrogen peroxide had been removed by treatment with a catalytic 
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amount of palladium black, the solvents-were removed leaving the 
amine oxide as a -Crystalline residue. The amine oxide was not charac-
terized but pyrolyzed directly using the same conditions that Cope 
and Bumgardner (34) had used in the preparation of 3-phenylpropene 
from N,N-dimethyl-3-phenylpropylamine. 3,3-Diphenylpropene-l-c14 
(nD20, 1.5777; nn25, 1.5756; b.p., 89-92°/0.5 mm.) was isolated in 
82 per cent yield. 
A compound that was thought to be 3,3-diphenylpropene was reported 
in 1912 by Sabatier and Murat (85) (86). In their papers describing 
the dehydration of 1,1-diphenylpropanol to 1,1-diphenylpropene (m.p., 
51.5°; b.p., 284.5°; nD23, 1.593 (supercooled); n023, 1.0076) these 
workers stated that "the solid hydrocarbon is accompanied by a small 
amount of an isomeric liquid of b.p., 279-281°; Dn24, 1.587; n024, 
l.0038.tt On the basis of this evidence and the fact that it, like 
the solid 1,1-diphenylpropene, could be hydrogenated to 1,1-diphenyl-
propane, it was decided that the isomer was 3,3-diphenylpropene. 
Some fifteen years later L~vy and her co-workers reported the 
preparation of this compound as the only product from the reaction of 
2-amino-1,1-diphenylpropane with nitrous acid ( 64). The product - a 
liquid boiling at 293o; ~20, 1.596- was_identified by comparison of 
its physical properties (especially the fact that it was a liquid) 
with those reported by Sabatier and Murat for the two isomers, and 
by the fact that it was a hydrocarbon with the formula c15~ giving 
benzophenone on oxidation. 
In view of more recent evidence regarding the mechanisms of the 
dea.mination and the dehydration reactions (ll7), it seems probable 
that both of these reports relate to more or less impure 1,1-diphenyl-
propene. The isomer prepared in the present work is unambiguously 
identified as 3·, 3-diphenylpropene by the analytical values, infrared 
spectrum and ultraviolet spectrum described in the experimental section 
and by the fact that on ozonolysis both formaldehyde (isolated as the 
methene derivative) and diphenylacetaldehyde (isolated as the semi-
carbazone)were obtained in 87 and 73 per cent yields respectively. 
These products, which were identified by their melting points and by 
mixed melting points with authentic samples, were analyzed :for radio-
activity. The results, described in the experimental section, show 
that of the total activity of the 3,3-diphenylpropylam.ine hydrochloride, 
100 ~ 2 per cent appeared in the formaldehyde and 0 .. 1 ± 0.1 per cent in 
the diphenylacetaldehyde. These results therefore prove that in the 
reaction of 1-benzenesulfonyl-2-bromamethylethyleneimine-3-014 with 
benzene and aluminum chloride ill of the isotopic label of the product, 
N-(3,3-diphenylpropyl)-benzenesu.lfonamide, is at the 1-position of the 
propyl group, i.e. tnat the product is N-(3,3-diphenylpropyl-l-cl4)-
benzenesulfonamide. 
In connection with the problem of identifying diphenylacetaldehyde 
as one of the products of the ozonolysis of 3,3-diphenylpropene the 
anomalous behavior of the 2,4-dinitrophenylhydrazone o:f diphenylacetal-
dehyde, described in experimental section F~3, is noteworthy. This 
derivative, which was unknown until 1953, was reported independently 
and almost simultaneously by :five different groups (43) (42) (71) 
(93) (56) with melting points ranging :from 145° to 155°. The highest 
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melting point was reported by Newman and Edwards (71) who had purified 
the hydrazone by ttchromatography with benzene using chromatographic 
alumina.u In the present work, a small sample of the aldehyde was 
converted to the dinitrophenylhydrazone (m. p. 149-149. 5°). When 
purification of this material by chromatography was attempted, only a 
small amount of red material (m.p. 164-166°) was eluted with benzene. 
The main product required a 9:1 mixture of benzene-ether for elution 
and consisted of a greenish-yellow material melting at 182-182.5°. 
The amount of product isolated was insufficient for a complete character-
ization flut the infrared spectra described in the experimental section 
show a major change must have taken plac.e in the molecule. Since 
the dinitrophenylhydrazone was useless for the purpose of the present 
work because of its insolubility in both for.mamide and dimethylformamide, 
this interesting problem was not LDvestigated further. 
Section F-7 describes the oxidation of diphenylacetaldehyde 
semicarbazone to benzophenone and conversion of this material to the 
semicarbazone in 46 per cent overallyield. The reaction described 
was an exploratory experiment designed to demonstrate the feasa.bility 
of using diphenylacetaldehyde semicarbazone as an intermediate in the 
stepwise degradation of 3,3-diphenylpropylamine. Since the corresponding 
fragment in the "hot run11 was shown (F-6) to contain no radioactivity 
and therefore did not need to be cleaved, the reaction was not 
investigated further. Before the reaction can be used for a 
degradative study, further work on improving the yield and the purity 
of the product would be desir,lable. 
III. INTERPRETATION OF THE RESULTS 
A. The Role of Carbonium Ions in Friedel-Crafts Alk:ylations. 
Although until rather recently it had been widely assumed (S3) 
that all Friedel-Crafts alkylations proceed via carbonium ion inter-
mediates, this is not necessarily true in all cases. In a recent 
series of papers (21) (22) (23) (24) (25) (26) ( 59) (97) Brown and 
his students have reported the results of a study of the Friedel-
·Crafts alkylation of aromatic compounds with alkyl. halides. While 
this study is not yet complete Brown has collected enough data to show 
that the mechanism of the reaction depends, among.other factors, on 
the nature of the alkyl halide, the catalyst used, and the solvent. 
These differences, however, are generally only differences of degree 
and a more or less general mechanism has been proposed. 
In essence the first step is reaction of the alkyl halide with 
the catalyst to produce a reactive intermediate, the exact nature of 
which will depend ·on the alkyl halide and the catalyst used. The 
reactive intermediate then reacts with benzene to form an ionic com-
plex which is then r~pidly deprotonated to give the final product. 
When the reaction involves a primary alkyl halide in benzene solution 
Brown proposes the following mechanism: 
R-x: + AIX3 
R-X: + AIX3 
b+ S-
C6H6 + R-X:AJX 3 
&+ &-
R-X!AIX':> 
"" 
AfX-
4 I' 
2 
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~ HX + 3 
If a more basic solvent such as 1,2,4-trichlorobenzene is used the 
reaction mechanism is ~urther complicated by competition between the 
alkyl halide and the solvent for the. catalyst (59). This competition 
has the effect o~ slowing down the rate o~ the reaction by shifting 
the equilibrium of the first step to the left and has been use~ul in 
the study of the kinetics of the more rapid reactions. 
As these worker.s have stated, there does not appear to be any 
experimental basis, at the present time, ~or deciding between the 
alternative ~ormulations of an attack by the aromatic ring on a-
polarized alkyl halide-aluminum halide addition compound, equation 2, 
or of a reaction of the aromatic ring with an ion-pair intermediate, 
equation 2•. They suggest that the decision between the two alterna-
tives "may become primarily a matter of defining at what stage the 
polarized species is more conveniently considered to be an ion-pair." 
In the reactions involving simple primary alkyl halides the polar-
ized addition compound seems to be a more accurate representation of 
the intermediate. Thus in the methylation of benzene and toluene with 
methyl halides (24) different toluene/benzene reactivity ratios were 
obtained with methyl bromide and methyl iodide. The isomer distribution 
of the xylenes formed from toluene was also dependent on the nature 
of the halogen. Both of these facts are more simply explained if the 
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fragment being attacked by the aromatic retains some covalent bonding 
to the displaced halogen in the transition state. It should also be 
pointed out that a carbonium ion, if formed, would be a highly reactive 
intermediate and the formation of the ion, rather than its reaction 
with the aromatic substrate, would be expected to be the rate determining 
step. Since Brownt s results showed that the aromatic compound is 
involved in the rate expression of the benzylation reaction (23) as 
well as in the methylation and ethylation reactions, it was proposed 
.that for these cases, and probably for most cases involving primary 
halides, the r·ate determining step involves a nucleophilic attack of the 
aromatic compound on a polarized alk.rl halide-aluminum halide inter-
mediate. 
With increased branching of the alkyl group, the ability to ac-
comodate a positive charge increases until at some stage one may 
I 
expect to find that the aromatic compound is no longer involved in 
the rate determining step. Jungk, Smoot and Brown (59) have collected 
stereochemical evidence that this stage may already be realized in 
secondary butyl and related secondary alkyl derivatives, but were 
unable to eXtend the kinetic measurements to such compounds. However, 
the large increase in rate of alkylation with isopropyl bromide, relative 
to primary halides, is consistent with this interpretation. 
These general considerations on the Friedel-Crafts alkylation 
process should be kept in mind in connection.with the mechanism of the 
Friedel-Crafts conversion of 1-benzenesulfonyl-2-bromomet~lethylene­
imine, I, to N-(3,3-diphenylpropyl)-benzenesulfonamide,-II. The 
following section is devot~d to the question of this mechanism. 
B. A Postulated Mechanism. 
Several compounds were proposed by Gensler and Rockett (52) as 
possible intermediates in the ~ormation o~ N-(3,3-diphenylpropyl)-
benzenesulfonamide, II, fram 1-benzenesulfonyl-2-bromamethylethylene-
51 
imine, I. A min.:i.mum exper~ental requirement for one of these compounds 
to be considered a permissible intermediate is that, under the conditions 
o~ the original reaction, the proposed intermediate give the same 
product, II, that was obtained by Gensler and Rockett in the reaction 
being investigated. Moreover, the yield of II ~rom the postulated 
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intermediate<· must be at least as good, if n,ot better. as fram the 
1-benzenes~onyl-2-bramamethylethyleneimine, I, used in the original 
reaction. Of the proposed intermediates, four, 2-benzenes~onamido-
1,3-diphenylpropane, XVII, 2-ben~enesulfonamido-1-bramo-3-phenylpropane, 
XII, 1-benzenesulfonamido-2-benzylethyleneimine, XIII, and N-(cinnamyl)-
benzenesulfonamide, XXIV, were tested by Gensler and Rockett as described 
in section I-B, and one, 1-benzenesulfonyl-2-phenylazetidine, XXVIII, 
- by the present author as described in section II-B. Of these five 
compounds only one, the l-benzenes~onyl-2-phenylazetidine, XXVIII, 
gave N-(3,3-diphenylpropyl)-benzenesulfonamide,, II, when exposed to 
the action of aluminum chloride in benzene under conditions comparable 
to those used in the original reaction. Moreover the yield of II fram 
the azetidine, 73 per cent, was more than twice as large as that reported 
52 
by Gensler and Rockett, .30 per cent, and more than three times as 
large as the best yield obtained by the present author, 20 per cent, 
starting from l-benzenesulfonyl-2-bromomethylethyleneimine, I. The 
azetidine derivative, xxvrn, alone, therefore, of the five compounds 
tested, meets the minimum requirements for a permissible intermediate. 
XXVIII 
It was pointed out in section I-B that of the reaction paths 
proposed by Gensler and Rockett two remain untested. These paths, . 
involve the postulated intermediates N-(.3-bromdallyl)-benzenesulfonamide, 
XXVI, and N-(.3-bromo-2-phenylpropyl)-benzenesulfonamide, XXVII (see 
page S ) • - Arguments against the likelihood that thes_e compounds are 
involved in the reaction have been presented and they will not be 
considered further in this discnssion. However, the possibility 
that these compounds might be intermediates remains and cannot be 
dismissed. Pending an investigation of these compounds, therefore, 
it is proposed that the formation of N-(.3,.3-diphenylpropyl)-benzene-
sulfonamide, II, from l-benzenesulfonyl-2-bromomethylethyleneimine, I, 
involves 1-benzenesulfonyl-2-phenylazetidine, XXVIII, as an intermediate. 
The theories discussed in section In-A cannot be applied in an 
unambiguous manner to the mechanism of the formation of l-benzenesul-
fonyl-2-phenylazetidine, XXVIII, from the Friedel-Crafts reaction of 
1-benzenesulfonyl-2-bromomethylethyleneimine, I, because the starting 
material is not a simple alkyl halidee The compound, I, could a priori 
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be attacked by the catalyst, aluminum chloride, either at the bromide 
or at the sulfonamide group. The structure of the isolated product,. 
n, as a matter of fact, shows that both of these positions actually 
are attacked. The question therefore arises as to which group is 
involved first. 
It is difficult to see how the azetidine, XXVIII, could arise by 
initial attack of the aluminum chloride on the sulfonamide group of 
I unless one of the compounds that have already been. eliminated as 
possible intermediates were involved in the reaction. It is postulated 
therefore~ that the initial attack by the catalyst is on the bromine 
atom of I. In the light of the theories described in section TII-.! 
one might write the mechanism of the formation of the azetidine as 
follows: 
I 
XLVII 
XL VIII 
XLVII 
[ Rearran•ged Intermediat~ 
XLVIII 
XX Y Ill 
54 
The first step in the proposed sequence involves the formation 
of a polarized addition complex similar to the ones proposed for the 
alkylation of benzene with simple primary alk,rl halides (23). However 
in the present case we are not dealing with a simple alkyl halide. 
This is emphasized by the second step in the proposed sequence in which 
a rapid rearrangement of the complex is postulated before the complex 
has reacted with a molecule of tl).e solvent, benzene. If the complex, 
XLVII, reacted with benzene before rearrangement, 1-benzenesulfonyl-
2-benzylethyleneimine, XUI, would be the product. The second step 
therefqre, rearrangement of the polarized complex before reaction 
with benzene, is required by the fact, described in section I-B, 
that l-benzenesulfonyl-2-benzylethyleneimine does not form II under 
the conditions of the original Friedel-Crafts reaction. 
Whether structure XLVII represents a polarized complex of the 
type described in section III-A or an ion-pair such as R+AlX4-, there 
exists the possibility of rearrangement by a migration of a neighboring 
group. Such rearrangements are well known and several reviews are 
available (117) (54) (15) (65). The first strong evidence for such 
rearrangements of carbonium ions was obtained by Meerwein and Ernster 
( 67) in their study of the rearra.I!gement of camphene hydrochloride 
to isobornyl chloride. They observed that the reaction rate increased 
with changes in the nature of the solvent in roughly the same order 
that had been found for increases ot the degree of ionization of tri-
pbenylmetb¥1 chloride. They also showed that Friedel-Crafts catalysts 
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such as ferric chloride, stannic chloride, etc., capable of coordinating 
• 
with a chloride ion, were excellent catalysts for the reaction. A 
number of other examples of this type of rearrangement, known as the 
Wagner-Meerwein rearrangements, are described by Wheland (117).. In 
all such rearrangements the question arises as to whether a carbonium 
ion is formed as an intermediate before the rearrangement occurs or 
whether the rearrangement occurs simultaneously with the ionization 
(neighboring group effect). Although it is frequently possible to 
.differentiate between these two possibilities by proper kinetic studies 
(120) or studies involving optically active compounds (12), in the ab-
sence of such studies the observable stereochemical consequences cannot 
be used to distinguish between these two choices. Since such studies 
have not been made on the reaction here investigated, it is impossible 
to tell whether structure XLVII is actually an iritermediate as indicated 
or not. In either case the conclusions drawn from the experimental 
results will not be affected by this ambiguity. 
In the present case there appear to be three paths by which an 
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intermediate such as XLVII (or the corresponding carbonium ion) could 
rearrange to give a four-membered ring compound (Figure 5). In the first 
of these postulated rearrangements there is a 1,2-shift by the nitrogen 
of the sulfonamide group. Since the results cited by Brown and dis-
cussed in section III-A indicate that a secondary carbonium ion is 
stabilized enough to exist as an intermediate in a Friedel~afts 
alkylation whereas simple primary carbonium ions are not, it is reason-
able that the formation of a secondary ion plus, perhaps, the relief 
of strain in the ring expansion should be a sufficient driving force 
for this step. The second step is a 1,2-shift of a hydrogen. The 
carbonium ion resulting from this shift may, possibly, be stabilized 
still further by delocalization of the positive charge because resonance 
structures distributing the charge between the carbon and the nitrogen 
atoms can be written for this ion: 
) 
This ion could then attaCk a benzene molecule yielding the azetidine 
XXVIII. 
In the second of the postulated rearrangements there is a 1,2-
shift of a carbon to carbon bond. This shift produces the resonance 
stabilized carbonium ion, L, directly. The carbonium ion is then 
postulated to react vdth a molecule of benzene as in path #1. 
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In the third of the postulated reaction paths the formation.of 
a non-classical ion, analogous to the cyclopropylcarbinyl cation pro-
posed by Bergstrom and Siegel (13) and by Roberts and Mazur (79) is 
suggested. This ion may be thought of as a resonance hybrid of struc-
tures distributing the positive charge over all four atoms of the 
ethyleneiminecarbinyl group: 
CH CH ~l~NY <--7 C(2 l~y CH2 ED ED /.1~ 
cH:.. ______ ::..._,N Y 
2 <±> 
Ll 
Bergstrom and Siegel (13) have presented evidence that the formation 
of such a resonance stabilized non-classical cation is involved in the 
rate determining step of the unimolecular solvolysis of cyclopropyl-
methyl benzenesulfonate. This compound reacted ten times as fast with 
ethanol as did allyl benzenesulfonateo The reverse order would have 
been expected assuming the cyclopropyl group to be analogous to a 
vinyl group but less effective. The transition state leading to the 
carbonium ion requires a partial separation of charges. The partial 
positive charge will be distributed over the molecule in a manner 
similar to the distribution of the charge in the resulting carbonium 
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ion. Consequently structural features which enhance the stability of 
the ion will also make the transition state more stable relative to 
the starting compound and thus increase the velocity of the reaction. 
On the basis of these arguments Bergstrom and Siegel postulated the 
reaction sequence: 
where the· cationic intermediate is considered a resonance hybrid of 
structures analogous to those written above for the ion LI. The 
same cationic intermediate was proposed by Roberts and Mazur (79) 
for the reaction of cyclopropylmethylamine with nitrous acid on the 
basis of evidence indicating that an isotopic label at one of the 
methylene groups became equally distributed over all three methylene 
groups during the reaction. 
It was for the purpose of distinguishing among these threy reaction 
paths that the starting material, I, was labelled with carbon-14 at 
the 3-position of the ethyleneimine ring._ As can be seen from Figure 5 
the predicted isotopic distribution of the azetidine, XXVIII, and 
consequently of the final product, II, is different for each of the 
three paths. The first path involves the carbonium ion IL in which 
due to the symmetry of the ion, the two methylene groups become chemical-
ly indistinguishable (apart from the relatively minor isotope effects). 
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As indicated in Figure 5 the two atoms involved (marked with an*) 
become the 1- and 3-positions of the diphenylpropyl group of II and the 
final product is N-(3,3-diphenylpropyl-1,3-c14)-benzenesulfonamide. 
In the second path no symmetrical intermediate is involved. The iso-
topic label is confined to one position only and the predicted product 
is N~,3-diphenylpropyl-l-c14)-benzenesulfonamide. In the last reaction 
path a symmetrical carbonium ion, LI, in which the two methylene 
groups are chemically indistinguishable, is again involved. In this 
path no hydride shifts take place and the product has the two methylene 
groups at positions 1 and 2 labelled. The predicted product is N-(3,3-
diphenylpropyl-1,2-c14)-benzenesulfonamide. 
The product actually isolated from the reaction was N-(3,3-di-
phenylpropyl-l-c14)-benzenesulfonamide. This result eliminates two 
of the three paths from consideration and is consistent only with 
reaction path #2 of Figure 5. If, then, the assumption that 1-ben-
zenesulfonyl-2-phenylazetidine is an intermediate in the reaction is 
justified,then of the reaction paths discussed in this dissertation, 
only .Path #2 of Figure 5 is consistent with all of the experimental 
data. 
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c. Suggestions for Future Work 
It must be emphasized again that the discussion of the previous 
section was based on the assumption that 1-benzenesulfonyl-2-phenyl-
azetidine, XXVIII, was an intermediate in the reaction. Although 
this compound has been shown to be a permissible intermediate, in that 
it gives the required product, II, on treatment with aluminum chloride 
in benzene, and although arguments have been presented favoring this 
compound over others as an intermediate, no direct evidence of its 
role in_ the reaction has been given. The proposed mechanism would 
be bolstered immeasurably if the azetidine could be isolated from the 
reaction mixture after l-benzenesulfonyl-2-bramomethylethyleneimine, 
·I, had been treated with aluminum chloride in benzene. Rockett has 
reported (78) that all attempts to·isolate any other pure products 
from this reaction were unsuccessful. However if some non-radio-
active 1-benzenesulfonyl-2-phenylazetidine were added as a carrier 
to the mother liquors still remaining from the Friedel-Crafts re-
action of l-benzenesulfonyl-2-bromomethylethyleneimine-3-c14, or to 
the mixture of products obtained from a similar reaction, but quenched 
after only half or less than half of the ethyleneimine had reacted, 
any radioactive azetidine remaining could be isolated by recovering 
the added carrier. The presence of radioactive azetidine, XXVIII, 
could then be demonstrated by recrystallizing the compound to constant 
activity. 
If, under the reaction conditions used, the azetidine reacts 
with aluminum chloride and benzene :much faster than the ethyleneimine, 
I, then this approach would not b~ fruitful and recourse must be had 
to eliminating the other possible mechanisms that are consistent 
with the data. A defect of this method is that the number of such 
mechanisms to be eliminated is limited largely by the ingenuity of 
the investigator in postulating possible mechanisms. The remaining 
permissible mechanisms that the author is aware of are diagrammed 
on page 63. 
The first step in one of these mechanisms (A) is attack by 
aluminum chloride on the sulfonamide group followed by ring opening 
with neighboring group participation by bromine. The resulting 
bromonium ion could then react with benzene to give N-(3-bromo-
2-phenylpropyl)-benzenesulfonamide, XXVII, or its isomer XXVIIa. 
Either of these compounds could then react further with aluminum 
chloride to gi~e the phenonium ion, LIII, which could isomerise 
to ion LIV via a 1~2-hydride shift. This cation could then react 
with benzene to give the observed product, II. Alternately the 
bromonium ion, LII, could loose a proton to give N-(3-bromoallyl)-
benzenesulfonamide, XXVI, or its isomer XXVIa. These compounds 
could then react further via one of the isomers XXVII, XXVIIa, 
or XXVIIb to give N-(3,3-diphenylpropyl)-benzenesulfonamide,II. 
All of these mechanisms are consistent with the experimental data 
because none of the postulated intermediates has been experiment-
ally eliminated and because the 3-carbon chain is never broken 
and the labelled atom ( z) at the 3-position of the starting material 
is at the 1-position of N-(3,3-diphenylpropyl)-benzenesulfonamide. 
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One method of eliminating some ( or all) of these possible 
mechanisms would be to synthesize the various key intermediates 
involved and subject them to the same reaction conditions that 
were used in the original reaction. A more elegant method is 
available, however, if one merely wishes to test the mechanism 
proposed in the present dissertation against all of these untested 
mechanisms. The key feature of all of the mechanisms on page 63 
is that none of the carbon-carbon bonds of the starting material, 
I, are broken and the sequence of carbon atoms x,y,z of I remains 
x,y,z in the product, II. In the mechanism involving the azetidine, 
however, (Figure 5, page 58) the key feature is that the carbon 
to hydrogen bonds of I are not broken, i.e. a methylene group 
remains a methylene group, and the sequence of carbon atoms x,y,z 
of I becomes y,x,z in the product, II. Therefore if either carbon 
x or carbon y of I is labelled with carbon-14, then, by an analy-
sis of the distribution of the radioactivity in the product, i~ 
may be possible to eliminate either the mechanism proposed in this 
dissertation or all of the mechanisms diagrammed on page 63. 
One factor that may complicate such an analysis is that 
aluminum chloride has on occasion been known to exchange the 
position of an isotopic label between the two carbon atoms alpha 
and beta to a phenyl group (SO). The degree of exchange has been 
reported as varying from 5 to 31 per cent depending on the struc-
ture of the compound. It would therefore be advisable to begin 
such an investigation by first developing a synthesis for N-(3,3-
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diphenylpropyl-3(or 2)-c14)-benzenesulfonamide, subjecting this 
material to the action of aluminum chloride in refluxing benzene, 
and degrading the recovered material as described in this disser-
tation to see if the position of labeling is changed by such treat-
ment. 
IV. DESCRIPTION OF THE EXPERIMENTS *) 
A. Synthesis of 1-Benzenesulfonyl-2-phenylazetidine 
1. Preparation of 3-Amino-3-phe~ylpropionic Acid 
~GH-CH-GOOH 
"'==T I 2 
NH 
2 
The procedure followed was adapted from that of Steiger (102). 
To 320 ml. of commercial absolute ethanol in a JL. round bottom 
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flask was added 9.2g. (0.40 g-atoms) of sodium. As soon as all of 
the sodium had dissolved a solution of 27.8 g. (0.40 mole) of hydroxyl-
amine hydrochloride (Matheson Co. m.p. 151-152° C; lit. 150-154 (91)) 
in 20 ml. of water was added to the hot sodium ethoxide solution with 
shaking. The mixture was cooled quickly by placing the flask in an 
ice water mixture. The sodium chloride was removed by suction fil-
tration and washed with two 20 m1. portions of absolute ethanol. The 
solution of hydroxylamine was returned to the lL. flask and 29.6 g. 
(0.20 mole) of cinnarnic acid (Eastman, white label) was added while 
the flask was swirled. The cinnamic acid dissolved but a voluminous 
precipitate formed almost immediately. The precipitate dissolved 
*) . Analyses were done by Dr. Carol K. Fitz, Needham. Heights, Mass. 
unless otherwise noted.. All melting points were taken with a 
Hershberg melting point apparatus and are uncorrected. 
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when the mixture was heated.. The clear solution was reflux.ed on 
a steam bath for nine hours after which the flask was cooled and 
placed in a refrigerator overnight to complete crystallization. 
The product was collected by filtration and washed first with 
60 ml. of ethanol in small portions, then with 60 ml. of ice 
water and finally again with 60 ml. of ethanol, also in small 
portions. The product was dried in a vacuum desiccator over 
sodium hydroxide pellets overnight to give 4.7 g. (0.0285 mole 
or l4 per cent yield based on c~c acid) of crystals (m.p. 
217° C with evolution of gas). Melting points have been reported 
for 3-amino-3-phenylpropionic acid ranging from 215° to 231° C 
(J.02). 
The yield was practically the same (15 per cent) when, 
in an otherwise identical run, the solution was concentrated to 
about one third its original volume after the reflux period was 
completed. 
When the reaction was further modified by adding a catalytic 
amount (2 g. per 0.2 mole of cinnamic acid) of yellow mercuric 
oxide (Merk, reagent) to the refluxing reaction mixture, keeping 
all other conditions unchanged, the yield was 17 per cent. 
In all three runs two observations were made which did not 
agree with the description given by Steiger (102). According 
to Steiger the product should begin to crystallize spontaneously 
after five to six hours of reflu:ring. In no case could crystals 
be induced to form until the solution was cooled at the end of 
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nine hours; seed crystals added to the reflux:i.ng solution dissolved 
immediately. The second observation was that after the reaction 
mixture had refluxed for five hours some white crystalline material 
formed in the condenser. This material has not been completely 
characterized but the following observations were made: 
l) It is insoluble in absolute ethanol or ether but very 
soluble in water. 
2) It contains no halogen (Beilstein test). 
3) The aqueous solution is alkaline to litmus paper. 
4) The material reduced Tollen1 s reagent (94). 
5) The dry material is odorless. When treated with warm 
concentrated sodium hydroxide solution a gas with an 
ammonia-like odor was given off. 
6) When treated with cold, dilute hydrochloric acid a 
colorless, odorless gas was evolved. 
7) When an aqueous solution of the material is added to a 
solution of calcium chloride a white precipitate is 
formed. This precipitate dissolves in dilute hydro-
chloric acid with evolution of gas. 
S) It sublimes between 100° C and 110° C (the exact temper-
ature depending on the rate of heating). 
.- dttdt':tr ;,. •. 
2. Preparation of 3-Amino-3-phe~ylpropanol from styrene 
C~O /CH3CN 
HOAc / H SO ) 
2 4 
~ CHCH CH OAc kf, 2 2 
.NHAc 
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The procedure followed was adapted fram that of E. L. Jenner (58). 
Solution I: Paraforma.ldehyde {Allied Chemical and Dye Corp.; 
U.S.P.; 95 per cent pure), 6.8 g. {0.22 mole of formaldehyde) was 
added to 31 g. of concentrated sulfuric acid (Baker, reagent) at room 
temperature. The mixture was stirred, by hand, until all of the solid 
had dissolved. 
Solution TI: Acetonitrile (Eastman, white label), 8.2 g. (0.20 
mole), was dissolved in 52 ml. of glacial acetic acid (Baker, reagent). 
Styrene was redistilled under nitrogen, fram a steam bath, at 
28 mm. pressure. The fraction boiling at 56-57° was collected in a 
flask containing 0.15 g. of hydroquinone and stored in an amber bottle. 
Styrene has been reported to boil at 42-43° at 18 mm. (112). 
Solution II was placed in a 500 ml. three neck flask equipped 
with an efficient all-glass stirrer and two dropping funnels. The 
flask was cooled in an ice water bath. Solution I was placed in one 
dropping funnel and 20.8 g. (0.20 mole) of styrene in the other. The 
two liquids were then simultaneously added dropwise to solution II, 
with stirring, at such a rate as to keep the temperature below 25° C 
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(total time: ten minutes). The solution was almost colorless at 
this point. The ice bath was replaced with a cold water bath (10° C) 
and stirring was continued while the water bath was slowly warmed 
to 20° C (forty-five minutes). The water bath was then kept at 20 + 2° 
while stirring was continued for another hour and fifteen minutes. 
The solution was kept at room temperature overnight and then poured 
over 630 g. of crushed ice in a 2-liter beaker. The acidic solution 
was made just alkaline (pH 10 to pH paper) with 10 % sodium hydroxide 
added from a dropping funnel. The solution was stirred manually during 
the addition and kept at 0-5° C. The yellow oil which had formed was 
extracted with 300 ml. of chloroform in small portions. When the 
chloroform solution was shaken with a water wash, a thick emulsion 
formed which was broken up very slowly and only after the addition 
of more chloroform. The chloroform layer was dried over calcium sulfate 
(Drierite) for one hour, filtered and distilled on a steam bath to 
remove solvent. The residue was transferred to a 100 ml. flask with 
Claisen neck adapter. The remaining solvent was removed at reduced 
pressure (water pump) and the viscous residual oil was distilled at 
0.05 mm. from a Wood 1 s metal bath. The fraction distilling at 167-1700, 
bath temperature 215-220°, and consisting of ll.9 g. of a slightly 
yellowish oil, was collected and dissolved in 50 ml. of ether vr.ith the 
aid of heat. About 10 ml. of ether was removed by distillation where-
upon the product began to crystallize from the hot solution. The 
mixture, after standing at room temperature for forty-eight hours was 
filtered and the product was washed with 15 ml. of cold (0° C) ether. 
The product (after drying in a vacuum desiccator for one hour) consisted 
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of 8.9 g. (0.038 mole or 19 per cent yield) of 3-acetylamino-3-
phenylpropyl acetate melting at 84-86° c. Jenner (58) reported a 
melting point of 84-85° c •. 
3-Acetylamino-3-phenylpropyl acetate ( 7. 7 g.) was refluxed 
with 77 ml. of 15 per cent sodium hydroxide for one hour in an 
oil bath. The faintly yellow oil was e:xtracted with 200 ml. of 
ether. The ether solution was washed once with water and the 
water wash, combined with the alkaline layer, was e:xtracted twice 
with 50 ml. of ether, each ether e:xtract being washed once more 
with water. The conbined ether extracts were dried over calcium 
sulfate (Drierite), filtered and boiled down on a steam bath. 
The 3-amino-3-phenylpropanol remained as an oily residue. Con-
siderable difficulty was experienced, at first, in crystallizing 
the amino alcohol from a benzene - petroleum ether (30-60°) 
solution, as recommended by Jenner. A few seed crystals were 
finally obtained by dissolving a few drops of the oilY product 
in 5 ml. of chloroform, cooling the solution in a dry ice-acetone 
bath, and diluting it with petroleum ether which had been pre-
cooled in dry ice-acetone. The remaining crude amino alcohol was 
dissolved in 25 ml. of benzene and just enough petroleum ether 
(30-75°) was added to make the solution faintly turbid. Crystal-
lization began as soon as the seed crystals were added to the 
solution and scratched against the wall of the flask. More petroleum 
ether was added to bring the final volume to 75 ml. The ratio of 
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benzene to petroleum ether was approximately 1:2. After the 
mixture had been kept in the refrigerator overnight it was fil-
tered through a small Buchner funnel and the crystals were washed 
with two 5 ml. portions of 1:1 benzene - petroleum ether. 
The yield, after drying in the desiccator overnight, was 
le2 g. (0.0079 mole or 26 % from the acetate) of white crystals 
melting at 70-72° C (reported for 3-amino-3-phenylpropanol (58): 
73-74° c). 
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3. Preparation of 3-Amino-3-phenylpropanol from 3-Amino-3-phe~yl-
propionic Acid 
LiAIH4 
THF > ~ CH-CH -CH -OH ~I 2 2 
Nl-t2 
The procedure used was adapted fram the general procedure of 
Vogl and Pobm (113) for the reduction of amino acids. 
Tetrahydrofuran was purified, following Fieser 1s procedure 
(46), by treatment with potassium hydroxide followed by dis-
tillation from lithium aluminum hydride into a three-neck 300 ml. 
flask equipped with a mercury seal stirrer and a reflux condenser 
protected by a calcium chloride tube. After 130 ml. had been 
collected 4.0 g. (excess) of lithium aluminum hydride was added. 
1'lhile the mixture was allowed to stand with occasional stirring 
for one hour, a flask containing 5.1 g. (0.31 mole) of 3-amino-
3-phenylpropionic acid was attached to the free neck of the re-
action flask with flexible rubber tubing. The reaction flask was 
cooled in an ice water bath and the amino acid was added in small 
portions with constant stirring (fifteen minutes). Stirring was 
continued until the evolution of gas stopped (twenty minutes) 
at which time the cooling bath was replaced with a steam bath 
and the mixture was refluxed with stirring for sev.en hours. 
After the mixture had stood overnight 100 ml. of wet ether was 
added, with cooling and stirring, followed by 6 ml. of water 
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added dropwise. Ether ( 100 ml. ) and 10 per cent sodium hydroxide 
(200 ml.) were added to give a milky aqueous layer and a clear . 
ether layer. After separation of the ether layer in a separatory 
funnel the aqueous layer was extracted three times with 50 ml. of 
ether. The ether solutions were combined and the solvent re-
moved by distillation on a steam bath. Benzene (50 ml.) was added 
and th~ solution was boiled down in the hood to 20 ml. Petroleum 
ether (30 ml.) was added until the hot solution was just turbid. 
On seeding with 3-amino-3-phenylpropanol, needle-chaped crystals 
formed. After allowing it to crystallize overnight in the re-
frigerator the solid was collected by filtration, washed with 
two 10 ml. portions of 1:5 benzene-petroleum ether and dried in 
a vacuum desiccator for four hours. 
The yield was 4.1 ge (0.027 mole or SS per cent) of amino 
alcohol m.p. 73-75° c. When mixed with the 3-amino-3-phenylpro-
panol (70-7~0 ) prepared in section A-2, the mixture melted at 
71-73° c. Rodionov and Kiseleva (Sl) report a melting point of 
75-76° C for 3-amino-3-phenylpropanol prepared by reduction of 
the amino acid. Birkofer and Erlenbach (17) report a melting 
point of 73° for the amino alcohol prepared by the lithium alum-
inum hydride reduction of the ethyl ester of 3-amino-3-phenyl-
propionic acid. 
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4. Reaction of 3-Amino-3-phenylpropanol with BenzenesulfoRyl Chloride 
in Dilute Alkali 
Benzenesulfonyl chloride (Eastman, white label) was redis-
tilled at 15 mm. from an oil bath at 155 ~ 5° c. The fraction 
boiling at 125-127° was collected and used. Fieser (47) reports 
b.p. 120°/10 mm. 
To a vigorously stirred solution of 0.75 g. (0.0050 mole) of 
3-amino-3-phe:nylpropanol (m.p. 71-73° prepared from 3-amino-3-
phenylpropionic acid) in 10 ml. of water in a 50 ml. round bottom 
flask was added 2.0 ml. (2.$ g. or 0.016 mole) of benzenesulfo:nyl 
chloride followed immediately by a solution of 1.0 g. (0.025 mole) 
of sodium hydroxide in 10 ml. of water. The mi.:xture was stirred 
for seventy minutes and filtered. After the solids had been dried 
overnight in a vacuum desiccator, the crude product was re-
crystallized from 4 ml. of hot ethanol (95 per cent) to give 92 
mg. (6.$ per cent yield) of 1-benzenesulfonyl-2-phenylazetidine 
melting at 120-122° c. One recrystallization,· to give an an-
alytical sample, brought the melting point to 123.5-124°. 
Calculated for c15H15o2NS: C, 65.92; H, 5.53; M.W. 273. 
Found: c, 66.0; H, 5.6; M.W. 297.* Infra-red spectra were 
taken of this compound both in potassium bromide pellet and 
in carbon disulfide solution (Figures 6 and 7). The absence 
of any 0-H or N-H bonds is shown by the lack of any absorption 
peaks below 3.20 microns. The presence of a sulfonamide group 
is shown by peaks at 7.49 and 8.67 microns in the crystalline 
state and at 7.37 and S.57 microns in solution. The presence 
of mono-substituted benzene rings is indicated by the absorption 
peaks at 13.2S, 14.36 and 14.52 microns in the crystalline state 
and at 13.30, 13.5S and 14.45 in solution (11). 
The clear alkaline filtrate remaining after the azetidine 
had been removed was acidified with dilute hydrochloric acid. 
The white precipitate that formed immediately was collected by 
filtration, washed with three 10 ml. portions of water, and 
dried ¥1 a desiccator overnight. The product, 1.10 g. meltiz}g at 
130~131°, was recrystallized twice from hot absolute alcohol to 
give 0.25 g. of a material melting at 131-132°. This sample was 
analyzed. Found: c, 62.0; H, 5.5; M.W. 27~) 
* Molecular weight determined by Dr. Stephen Nagy, Massachusetts 
Institute of Technology. 
** Molecular weight determined by the author. 
76 
calculated for N-benzenesulfonyl-3-amino-3-phenylpropanol, 
c15H17o~S : C, 61.9; H, 5.9; M.W., 291.) No infrared spectrum 
of this material was taken. 
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A 150 mg. sample (0.5 millimole) of the N-benzenesulfonyl-
3-amino-3-phenylpropanol was dissolved in 10 ml. o~ water con-
taining 0.2 g. (5 millimoles) of sodium hydroxide. After the 
m.i:x:ture had been stirred for one minute to bring all of the. 
material into solution, 0.12 ml. (1.0 millimole) of benzenesul-
fonyl chloride was added. The mixture was stirred for six hours 
and then let stand at room temperature for twenty-four hours. 
Only a minute amount of alkali insoluble anaterial had formed. 
It was estimated to be no more than l to 2 milligrams~ 
FIGURE 6. 
1-B ENZEN ESU L FONYL-2- PHE NYL A ZET I DINE 
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5. Reaction"of 3-Am.ino-3-phenylpropanol with Benzenesulfonyl Chloride 
in Pyridine 
O SOCI 2 
Py 
( 
OrHc~cH2oso2Q 
NH 
Jo2Q 
The procedure followed was adapted from that of R. S. Tipson 
(107). 
A solution of 20.9 g. (0.138 mole) of 3-amino-3-phenylpropanol 
(m.p. 71-73° prepared by reduction of 3-amino-3-phenylpropionic 
acid) in 400 ml. of reagent grade pyridine (stored over barium 
oxide for several days and filtered through an oven-dried plug 
of glass wool just before use) was prepared in a 1-liter flask 
.fitted with a rubber stopper and a thermomether. The solution 
was cooled in an ice-salt bath to -2° c. Benzenesulfonyl chloride 
(42 mlv or 0.33 mole) was added in one portion whereupon the 
temperature rose to 20° Co The mixture was swirled in the ice 
bath until the temperature dropped to below 5° C. and was then 
placed in a refrigerator overnight. The dark brown solution was 
poured over 700 g. of crushed ice and 1000 ml. of water. A 
dark oil settled out. The mixture was extracted with four 500 
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ml. portions of ether. The ether extracts were washed twice with 
500 ml. of water and dried over 30 g. of magnesium sulfate. Norit 
(10 g.) was added and after one hour the mixture was filtered 
through a mat of Hy-Flo-Supercel. The ether was removed from the 
solution by distillation at reduced pressure (water pump) and the 
warm residue, dissolved with three 30 ml. portions o.f acetone, 
was poured into 3SOO ml. of water containing S.4 g. (0.21 mole) 
of sodium hydroxide. After standing overnight at room temperature 
part of the product had crystallized in the form of silky, tan 
needles and part had solidified in an amorphous mass. 
The suspension of crystalline product was decanted through 
a Buchner funnel. After the crystals were sucked dry on the 
funnel the slightly moist cake was removed and dissolved in 50 
ml. of hot ethanol. Water was added to the hot solution to the 
point of turbidity. After two hours the mixture was filtered and 
the 1-benzenesulfonyl-2-phenylazetidine was collected as white 
needles. The product was washed once with 50 % ethanol and dried 
in a desiccator at 30 mm. pressure. 
Yield: 6.1 g. (0.0224 mole) or 16 % based on the amino 
alcohol 
M.p.: 123.5-125° c. 
The amorphous material mentioned above was dissolved in 
20 ml. ethanol. Water was added to the hot solution to the point 
of turbidity. The mixture was cooled in an ice bath for one 
hour and filtered. The product was washed once with 50 % ethanol 
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and dried in a desiccator at 30 mm. pressure. 
Yield: 250 mg. (0.91 millimole) or 0.7% based on the amino 
alcohol 
M.p.: 123.5-124.5° C. 
No attempt was made, in this run, to isolate the alkali 
soluble, water insoluble. products. 
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B. Reactions of 1-Benzenesulfonyl-2-phenylazetidine and of 1-Benzene-
sulfonyl-2-bromomethylethyleneimine with Benzene and Aluminum Chloride 
1. N-(3.3-Diphenylpropyl)-benzenesulfonamide from 1-Benzenesulfonyl-
2-bromomethylethyleneimine 
BI"CH -CH-CH 
2 \I 2 
N 
~02C6H5 
C H 6 6 ) 
The procedure followed was adapted from that of Gensler and 
Rockett (52). 
1-Benzenesulfonyl-2-bromomethylethyleneimine melting at 
87.5-88.5° C was prepared in 81 per cent yield by the method of 
Gensler (50). Gensler reports that the compound melts·at 89-90°. 
The infrared absorption spectrum of the material (Figure 8) was 
identical with that of an authentic sample obtained from Dr. 
Gensler. 
Into a dry 3-neck, 300 ml. flask, equipped with a sealed 
stirrer and a reflux condenser protected by a calcium chloride 
tube, were placed 3.52 g. (0.0127 mole) of 1-benzenesulfonyl-2-
bromomethylethyleneimine and 2.6 g. (0.0195 mole) of aluminum 
chloride (from a freshly opened bottle of B & A reagent). Fifty 
milliliters of benzene (Baker's Analyzed, kept over sodium wire) 
were added and the mixture was heated to reflux with stirring. 
As refluxing began, the pale yellow solution became green,. Within 
a half hour the reaction mixture had a brown-amber color and acid 
gasses were coming out of the reflux condenser (litmus paper). 
After the solution had refluxed for three hours it was poured 
into 100 g. of ice water containing 13 ml. of cone. hydrochloric 
acid. The mixture was extracted with three 25 ml. portions of 
ether. The combined ether extracts were washed with two 25 ml. 
portions of water, 25 ml. of 5 % sodium bicarbonate and again 25 
ml. of water. The ether solution was then dried for two hours 
over sodium sulfate, filtered and concentrated to a viscous light 
amber oil by vacuum (water pump) distillation. The hot residue 
was dissolved in 15 ml. of absolute ethanol, cooled in an ice 
water bath and seeded with a crystal of N~,3-diphenylpropyl)-
benzenesulfonamide. The product was allowed to crystallize over-
night in the refrigerator. The yellow-brown crystals were collected 
by filtration, washed with cold methanol and dried over phosphorus 
pento.xide at 100° C and 2 mm. pressure for one hour. 
Yield: 0.90 g. (0.0026 mole) or 20 %based on 1-benzene-
sulfonyl-2-bramomethylethyleneimine 
M.p.: 122-125°. 
Color: yellow-brown 
The product was recrystallized from 5 ml. of methanol. 
Yield: 0.67 g. (0.0019 mole) or 15 % based on 1-benzene-
M.p.: 
sulfonyl-2-bramom~thylethyleneimine 
127-12S0 • 
This material still contained a trace of yellow impurityo A 
mixture with pure N-(3,3-diphenylpropyl)-benz~esulfonamide 
(m.p. 129-129.5, obtained from Dr. Gensler) melted at l2S to 
129° c. 
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2. N-(3,3-DiphenylpropYl)-benzenesUlfonamide from 1-Benzenesulfonyl-
2-phenylazetidine 
The reaction was carried· out using the same equipment, re-
agents and quantities that were used in the corresponding reaction 
of 1-benzenesulfonyl-2-bramamethylethyleneimine described in the 
preceding section. Exactly 0.0128 mole (3.48 g.) of 1-benzene-
sulfonyl-2-phenylazetidine was used. The solution became brown 
as soon as the benzene was added to the dry aluminum chloride-
azetidine mixture and gasses, acidic to wet litmus paper, were 
evolved as soon as refluxing began. After the three-hour reflux 
period the reaction mixture was treated with ice water-hydrochloric 
acid, extracted with ether, washed, dried and concentrated to a 
viscous oil as in the previous section. In order to transfer 
the material to a smaller flask for crystallization same ether 
was added. Immediately a white material crystallized spontaneous-
ly. This was collected by filtration, washed with ether and air 
dried. 
Yield: 1.95 g. (0.0055 mole) 
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M.p.: 
Appearance: white 
A mixture of this material with N-(3,3-d.iphenylpropyl)-benzene-
sulfonamide (m.p.: 127-128° C.) showed no depression of the 
·,1Ile-lt·ihg point (m.p. of mixture: 127-128.5). The mother liquor 
was concentrated to about 20 ml. whereupon a second crop of pro-
duct crystallized. This was collected by filtration, washed with 
ether and dried in the air. 
Yield: o.6o g. (0.0017 mole) 
M.p.: 126-127.5 
Appearance: white 
The filtrate was concentrated to a semi-solid residue and re-
crystallized from 10 ml. of absolute ethanol. This third crop 
was collected by filtration, ~ashed with cold methanol and dried 
over phosphorus pentoxide at 100° c. and 2 mm. pressure for one 
hour. A fourth crop was obtained by concentrating the filtrate 
to a semi-solid residue, making a slurry of this material with 
petroleum ether, and filtering. 
Yield of third crop: 0.62 g. (0.0018 mole) 
M.p.: 125-131° C. 
Yield of fourth crop: 0.48 g. (0.0014 mole) 
M.p.: 0 114-121 c. 
Both of these crops were yellow-brown in color. They were com-
bined, dissolved in 5 ml. of boiling benzene, the solution 
decolorized with charcoal, filtered and concentrated to about 3 
ml. About 2 ml. of petroleum ether (b.p. 30-60°) was added and 
the product was allowed to crystallize at room temperature for 
4S hours. The product was collected by filtration, washed three 
times with 50:50 benzene-petroleum ether (30-60°) and dried in 
the air. 
Yield: 0.74 g. (0.0021 mole) 
M.p.: 124-126° C. 
The total yield of N~,3-diphenylpropyl)-benzenesulfonamide was 
therefore 3.29 g., (0.00936 mole) or 73.2 % based on 1-benzene-
sulfonyl-2-phenylazetidine. 
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c. Preparation of N-(Allyl-l-c14)-benzenesulfonamide 
1. 9,10-Dihydro-9,10-ethanoantbracene-ll-carboxylic-carboxy-C14 Acid 
Mg 
THF 
+ ) 
CHCXOQH· 
· The apparatus used in this reaction, Figure 9, was adapted 
from the one described by Stouffer (104) and consisted of a high 
vacuum line which was evacuated in se~ies by a mechanical pump, 
mercury diffusion pump and oil diffusion pump. 
For the reaction of acrylic-l-c14 acid with anthracene a 
modification of the procedure of H. Scheibler and U. Scheibler 
(87) was used. 
Sulfuric acid (35 ml. of Baker analyzed reagent) was placed 
in the large dropping funnel, (N), and 1.457 g. (59.7 m. moles) 
of magnesium turnings (Dow, sublimed) was placed in flask (J). 
The apparatus was evacuated; nitrogen (dried with sulfuric acid 
followed by Drierite and then passed through a column of Ascarite) 
was flushed through; and the apparatus was re-evacuated. The 
system was then kept under vacuum for twenty-four hours and tested 
for leaks. 
Barium carbonate (Baker analyzed reagent) was dried at 110° 
for three days. 
Tetrahydrofuran (Eastman, white label) was treated with 
potassium hydroxide pellets for twenty-four hours and distilled 
from lithium aluminum hydride in an oven dried apparatus. 
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Five. grams (89 m.moles) of potassium hydroxide (Baker analyzed 
reagent, containing 1.6 per cent of potassium carbonate) in 60 ml. 
of n-propanol was placed in flask (R). The solution was cooled 
to -S0° c. and evacuated, with shaking, to de-aerate it (the solution 
was too viscous to be stirred by the magnetic stirrer). stopcocks 
(E) and (F) were closed and the cooling bath was removed from 
flask (R). 
In flaSk (~) were placed 213 mg. (l.OS m.moles) of radio-
active barium carbonate (recovered by A. Bluhm from a synthesis of 
oleic acid and containing about 2.2 m. curies of c14) and ll.40 g. 
(57.7 m.moles) of ordinary barium carbonate. 
The entire system shown in Figure 9 (except for flask (R) 
which was already evacuated) was now evacuated, flushed with nitro~ 
gen and re-evacuated.. The flask containing the magnesium was 
flamed with a soft Bunsen flame and allowed to cool. The system 
was filled with nitrogen, evacuated and again filled with nitrogen. 
The apparatus shown in Figure 10 had been dried in an oven at 
ll0° overnight and was now assembled and allowed to cool. The 
vinyl bromide tank (Matheson Co.) was turned valve downward· and 
connected to the apparatus, as indicated, by a rubber tube. 
Vinyl bromide was admitted to the round bottom flask which was 
then warmed by a water bath at 35° until a total of about 5 ml. 
had been collected in the graduated receiver. This was drained 
into a weighed flask containing 10 ml. of tetrahydrofuran. The 
weight of vinyl bromide was 7.60 g. (71.0 m.moles). 
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The dropping funnel (H) was temporarily removed and a stream 
of nitrogen was flushed through the system while a small crystal 
of iodine and 20 ml. of tetrahydrofuran were added to the mag-
nesium in flask ( J). The magnetic stirrer was started and the 
mixture was warmed to 35° with a water bath. The vinyl bromide 
solution was transferred to the graduated dropping funnel (H) 
with the aid of a few miliiliters of tetrahydrofuran. (The total 
volume in the funnel was 17 ml.). The vinyl bromide solution 
was added dropwise to the stirred magnesium suspension over a 
period of forty minutes. An exothermic reaction began almost 
immediately. The temperature of the water bath was kept at 30-35° 
by the occasional addition of ice. The mixture was stirred another 
fifteen minutes at room temperature. At the end of this time all 
of the magnesium had dissolved and. a yellow solution remained. 
This solution was diluted with 50 ml. of sodium dried ether. 
The dropping ~unnel (H) was replaced by a standard taper 
stopper. The nitrogen valve (B) was closed, the reaction mixture 
was frozen with liquid nitrogen, and the system was evacuated. 
Stopcocks (A) and (E) were closed and the reaction mixture was 
allowed to melt under vacuum. The mixture was stirred until the 
92 
pressure in ·the system was 25 em. whereupon the mixture was again 
:frozen with liquid nitrogen. Stopcocks (A) and (E) were opened 
again and the system was evacuated to a pressure of l0-4mm.. using 
an oil diffusion pump in series with a mercury vapor pump and a 
mechanical pump. Stopcocks (A) and (C) were clo.sed and the liquid 
nitrogen bath was transferred :from flask (K) to flask (M). Carbon 
dioxide was generated by the dropwise addition of sulfuric acid, 
over a period of one hour, to the barium carbonate in flask (P). 
The carbon dioxide was collected in (M). After all of the sul-
furic acid had been added the barium sulfate-sulfuric acid mixture 
was warmed with a soft Bunsen flame to ensure complete transfer of 
carbon dioxide. Stopcock (E) was then closed. 
The reaction miXture in flask ( J), consisting of a fine white 
solid suspended in a yellow solution was stirred with a magnetic 
stirrer and cooled with an acetone-dry ice bath kept at -20 to -25°. 
The liquid nitrogen bath under flask (M) was replaced by a dry 
ice-acetone bath and stopcock (C) was opened to transfer the carbon 
dioxide to the flask containing the Grignard reagent. After all 
of the carbon dioxide had been transferred (as indicated by the 
drop in pressure) and :flask (M) had reached room temperature, stop-
cock (D) was closed and the reaction mixture was stirred at -20 to 
-25° for thirty minutes. Dry ice, and finally liquid nitrogen, 
were then added to the acetone bath until the temperature dropped 
below -00°. The reaction mixture was then stirred for another 
thirty minutes at this temperature and :finally was frozen with 
9.3 
liquid nitrogen ~o draw in the residual carbon dioxide. The re-
action mixture was then allowed to warm up again. The alkaline 
propanol solution was cooled to 0° and stopcock (F) was opened. 
The flask with the alkalin~ solution was shaken occasionally to 
absorb the carbon dioxide as it was being liberated from flask ·(J). 
After the contents of flask (J) had came to room temperature, a 
small amount of solvent was distilled from (J) into (R) by cooling 
the latter receiver with a dry ice-acetone bath. Stopcock (C) .was 
then closed and flask ( J) was removed from the line. A solution 
of 0.1 g. of hydroquinone in 5 ml. of ether was added followed 
by 10 mi. of water. This mixture was stored in the refrigerator 
overnight. 
The solvents were removed by disti~ation on a steam bath 
at 200 mm. vacuum. The distillate contained no acid (by titration) 
and no detectable radioactivity (portable survey meter). The 
.residual magnesium salts were.dissolved in a solution of S.O g. 
of citric acid (Baker analyzed reagent) in 20 ml. of water and 
extracted with five 100 ml. portions of ether (Matheson, reagent, 
purified by passing through a column of Alcoa activated alumina (.35) 
and containing o.J. g. o.f 'hydroquinone per 500 ml.). It had been 
shown in an earlier cold run that this procedure results in almost 
quantitative extraction of any acrylic acid present. The ether 
extracts were dried with magnesium sulfate and distilled through 
a 25 em. Vigreux column .from a steam bath until almost all solvent 
had been removed. The last portion of solvent was removed by 
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distillation at 200 mm. pressure. The first 450 ml. of distillate 
contained no acid. The last 50 ml. of distillate, removed by 
vacuum distillation, contained 0.4 m.mole of acid (by titration). 
This was discarded. 
To the fluid, yellow residue, consisting largely of acrylic-l-
c14 acid, were added 0.2·g. of precipitated copper (110), 0.1 g. 
of h,ydroquinone, 20 g. (112 m.moles) ef anthracene (Eastman, white 
label, m.p. 211-212°), and 60 ml. of xylene. The m.:i::x:ture was 
stirred with a magnetic stirrer and refluxed for seventeen hours. 
After the mixture had cooled to room temperature the excess 
anthracene was removed by filtration, washed twice with 50 ml. 
portions of benzene and then with 50 ml. portions of methanol 
until the activity of the anthracene was only slightly above back-
ground (laboratory survey meter). The solvents were removed from 
the filtrate by'distillation from a steam bath- first at at-
mospheric pressure and finally at 2 mm. vacuum. The distillate 
contained 4.2 m.moles of unidentified acid (by titration) which 
was discarded. The solid residue was treated with 200 ml. of 
boiling 5 per cent aqueous sodium hydroxide. The mixture was 
stirred vigorous~ and filtered through a steam jacketed sintered 
glass funnel. The insoluble residue (anthracene) was washed on 
the funnel with two 100 ml. portions of hot 5 per cent sodium 
hydroxide and three 100 ml. portions of hot water. 
The two crops of recovered anthracene were dried at 20 mm. 
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over phosphorous pentoxide for twenty-four hours. 
1st crop: Weight: 14.13 g. 
M.p.: 210-211° 
2nd crop: Weight: 3.39 g. 
M.p.:: 207-209° 
The second crop was recrystallized from 50 ml. of xylene to give 
1.70 g. of anthracene melting at 210-211°. No acidic material 
could be extracted fram the xylene solution with 5 per cent 
aqueous alkali. 
The hot alkaline solution was acidified with concentrated 
hydrochloric acid ahd placed in the refrigerator overnight. The 
crude acid was collected by filtration through a sintered glass 
funnel and washed with three 50 ml. portions of cold water. The 
product was dried at 110° c. 
Yield: 4.01 g. (16.0 m.moles) 
M.p.: 174-179° 
The brown solid was dissolved in 25 ml. of hot 95 per cent ethanol, 
decolorized with one gram of Norit and crystallized after adding 
water to the hot solution to the point of turbidity. The product 
was collected qy filtration, washed twice with cold 50 per cent 
ethanol and dried at 110°. 
Yield: 3.49 g. 
M.p.: 1B3-1B5° c. 
A. Ya. Berlin (14) reported a melting point of 1B7-1BB° C. and 
H. Scheibler and U. Scheibler (S7) report a melting point of 
189° C. for 9, lO~hydro-9, 10-ethanoanthracene-ll-carbo.:x:ylic 
acid .• 
Two grams of non-radioactive 9,10-dihydro-9,10-ethanoanthra-
cene-:ll-carboxylic acid (m.p. 186-187° C.) was dissolved in the 
filtrate from the recrystallization with the aid of heat and 
crystallized by cooling. The product was collected as above. 
Yield: 1. 96 g. 
1-i. p.: 184-186 ° 
The alkaline propanol solution containing the recovered 
radioactive carbonate was removed from the line after several 
days. The solvents were removed by vacuum distillation until a 
thick slurry remained. The residue was dissolved in 50 ml. of 
hot water and hot 20 per cent barium hydroxide solution was 
added until no more barium carbonate precipitated. The barium 
carbonate was collected by filtration, washed twice with boiling 
hot water and dried at 110° for three hours. 
Yield:. 1.57 g. (8.0 m.moles) 
Since the potassium hydroxide, used to collect the carbon dioxide, 
contained 0.6 m.mole of carbonate, the amount of radioactive 
carbon dioxide recovered was 7.4 m.moles and the amount consumed 
in the reaction was 51.4 m.moles (about 1.9 m.curies). Thus, of 
the 2.2 m.curies (58.8 m.moles) of starting material, approximately 
0.6 m.curies (16 m.moles) was converted to the desired product, 
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0.3 m.curies (8 m.moles) was recovered as barium carbonate, 
and 0.16 m.curies (4.2 m.moles) was converted to an unidentified 
volatile acid. The fate of the remaining 1.1 m. curies of ac-
tivity was not investigated. 
In two ncoldtt runs in which the above directions were fol-
lowed closely, 9,10-dihydro-9,10-ethanoanthracene-11-carbo:xylic 
acid was obtained from barium carbonate in yields of 40 and 25 
per cent respective~. No direct information was obtained on the 
yield of acrylic acid from th~ carbonation of vifiylmagnesium 
bromide. The yield in the Diels-Alder addition of acrylic acid 
and anthracene is high as was shown by a cold run in which a 
mixture of 4.32 g. (60 m.moles) of acrylic acid (Eastman white 
label, ttstabilized with p-methoxyphenoln) in 30 ml. of tetra-
hydrofuran and 3.5 g. (60 m.moles) of magnesium hydroxide, was 
prepared to simulate the reaction mixture one might obtain from 
carbonating vinylmagnesium bromide. The mixture was swirled and 
a solution of 15 g. (78 m.moles) of citric acid in water was 
added. After all the solids had dissolved, 100 ml. of ether 
(Matheson, reagent grade, purified by passing through a column 
of Alcoa activated alumina) was added. The mixture was shaken 
thoroughly in a separatory funnel. The aqueous layer was separ-
ated and extracted with 400 ml. of ether (purified as above and 
containing 0.1 g. of hydroquinone) in four 100 ml. portions. 
The ether extracts were combined, dried over magnesium sulfate 
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and distilled through a 25 cnf~ Vigreu.x column on a steam bath<t 
The distillation was completed by distilling at 200 mm. vacuum 
for a few minutes. To the residue (6.30 g. of fluid liquid) 
were added 20 g. of anthracene, 0.1 g. of precipitated copper 
and 60 ml. of xylene. The mixture was reflu.xed with stirring 
for 18 hours and the acid was isolated as described for the 
radioactive run. The crude, brown 9,10-dihydro-9,10-ethano-
anthracene-ll-carboxylic acid (13!164 g., m.p. 176-183°) was 
decolorized with Norit and recrystallized from 65 ml. of ethanol 
and SO ml. of water. The light tan colored product was collected 
by filtration, washed with two 25 ml. portions of 30 per cent ethan-
ol and twice with water. The product was dried at ll0° for three 
days. 
Yield: 
M.p.: 
12.76 g. (50.9 m.moles or 85 per cent) 
183-185° 
Mixed with authentic 9,10~ihydro-9,10-ethanoanthracene-ll­
carboxylic acid (m.p. 186-187°) the melting point was 184-186°o 
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2. 9,10-Dihydro-9,10-ethanoanthracene-ll-carboxamide-carbonyl-c14 
t. SOCI2 
2. NH4oH 
L----- CHCXOOH 
Into a 125 ml. flask were placed 5.45 g. (21.$ m.moles) of 
9,10-dihydro-9,10-ethanoanthracene-ll-carboxylic-carboxy-C14 acid, 
representing about 0.57 m.curie, 37 ml. of benzene (Baker analyzed 
reagent) and So8 g. (74 m.moles) of thionyl chloride (Eastman, 
white label). The flask was equipped \i.lth a condenser protected 
by a Drierite filled drying tube and the mixture was refluxed for 
two hours. After 25 ml. of solvent had been removed by distillation, 
the hot solution was poured slowly into 200 ml. of vigorously 
stirred, concentrated ammonium hydroxide at -10°. After fifteen 
minutes the product was collected by filtration and was washed 
twice with cold water. The wet product was dissolved in 180 ml. 
of boiling n-butanol. The solution was filtered hot and cooled 
in the refrigerator. The amide was collected by filtration,.washed 
twice with methanol and dried at ll0°. 
Yield: 4.12 g. (16.9 m.moles) 
M.p.: 236-237° 
The filtrate was concentrated on the steam bath by vacuum dis-
tillation to a solid residue. This was dissolved in $0 ml. of 
boiling absolute ethanol and decolorized with 0.5 g. of Norit. 
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Twenty-five milliliters of water was added to the clear yellow 
solution which was then placed in the refrigerator. The second 
crop of amide was collected by filtration, washed with cold 50 
per cent ethanol and dried at 110°6 
Yield: 0.85 g. (3.4 m.moles) 
M.p.: 235-237° 
Similarly, a third crop (0.17 g. melting at 229-231°) was obtained. 
The three crops were combined and recrystallized from 250 ml. of 
xylene. 
Yield: 5.06 g. (20.3 m.moles or 93 per cent) 
M.p.: 236-237° 
In a cold run similar to this, except that the final crystal-
lization was from ethanol, material melting at 236-238° c. was 
obtained. One recrystallization from. benzene brought the melting 
point to 238-238.5° c. This material was recrystallized once 
more from. xylene to give a sample melting at 238-239° c. Cal-
culated for c17H15NO: C, 81.90; H, 6.06; N, 5.62. Found: 
c, 82.1; H, 6.1; N, 5.6. 
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3. 11-(Aminomethyl-c14)-9,10-dihydro-9 210-ethanoanthracene 
Dioxan (Baker, technical) was refluxed over sodium for 
three days. After the mixture had cooled the dioxan was decanted 
from the excess sodium and other solid impurities and was dis- · 
tilled from lithium aluminum hydride. The fraction boiling at 
0 100-101 was collected. Dioxan has been reported to boil at 
100-101° c. (lS). 
Into a 1000 ml. three-neck flask, equipped with a 11Trubore11 
stirrer and a reflux condenser protected by a drying tube filled 
with Drierite, were placed 5.06 g. (20.3 m.moles) oi 9:,10-dihydro-
9,10-ethanoanthracene-ll-carboxamide-carbonyl-c14, representing 
about 0.53 m.curie, and 500 ml. of dioxan. The mixture was 
I 
warmed and stirred until the amide had dissolved and then stirred 
vigorously while a suspension of 3.0 g. (SO m.moles) of lithium 
aluminum hydride (Metal Hydrides, Inc.) in 100 ml. of dioxan was 
added over a period of about one minute. The mixture was refluxed 
with stirring for one hour, stirred until it had cooled, and 
then let stand overnight at room temperature. During this time 
the mixture which had originally been white. became yellow. 
The mixture was stirred again while a solution of 60 ml. of 
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concentrated hydrochloric acid in 60 ml. of water was added 
slowly from a dropping funnel. All of the solids dissolved, 
leaving a strongly acidic mixture of two clear liquid phases. 
Solvent was removed by vacuum (water aspirator) distillation, 
using a heating mantle kept below 100° C. (iron-constantan thermo-
couple), until a thick, white, semi-solid residue was left. The 
residue was dissolved by adding 200 ml. of boiling water and 
the solution was placed in the refrigerator until cold. The 
white crystalline product was collected by filtration, washed 
twice with cold 1 per cent hydrochloric acid and dried in a 
desiccator over sodium hydroxide pellets at 30 mm. overnight. 
Yield: 4.42 g. (16.2 m.moles) 
M.p.: 298-301° 
A second crop was obtained by concentrating the filtrate and 
washes to about 200 ml. by distillation at atmospheric pressure, 
cooling the solution in the refrigerator and collecting the 
product as before. 
Yield: 0.91 g. (3.3 m.moles) 
M.p.: 291-293° C. 
The two crops of crude amine hydrochloride were combined 
and placed in a one liter separatory funnel, together with 500 
ml. of ice water, 250 ml. of ether and 20 ml. of 10 per cent 
· sodium hydroxide. The mixture was shaken until all of the 
solids had dissolved. The aqueous layer was extracted with 
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another 200 ml. of ether and the combined ether extracts were 
washed twice with water and dried with magnesiUlll sulfate. The 
ether was removed by distillation from a steam bath and the 
residue was crystallized in a refrigerator from 15 ml. of n-hexane 
(Fisher). The amine was collected by decanting the supernatant 
liquid from the hard crystalline cake. The product was rinsed 
twice with cold n-hexane and placed in a desiccator at 30 mm. 
pressure. 
Yield: 4.14 g. (17.6 m.moles or B7 per c~nt) 
M.p.: 116.5-117° 
A 0.17 g. portion (0.72 m.mole) of cold 11-(aminomethyl)-
9,10-dihydro-9,10-ethanoanthracene was dissolved in the mother 
liquors. The solution was evaporated on a steam bath to about 
1 ml. and cooled in the refrigerator. The product, 0.24 g. of 
slightly colored crystals melting at 112-115° c., was collected 
as before and redissolved in 5 ml. of hot n-hexane. The solution 
was decolorized with Norit decolorizing carbon and evaporated 
to dryness. , 
Yield: 0.20 g. 
M.p.: 
This material was combined with the first crop. 
In a cold run similar to this, the product, melting at 
ll5-ll6°, was recrystallized once more from n-heptane (Eastman, 
white label). This brought the melting point to 116.5-117.0° c. 
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The sample was analyzed. Calculated for c17H1~: c, S6.77; 
H, 7.2S; N, 5.95. Found: C, S6.9; H, 7.2; N, 5.9. A 100 mg. 
sample of the pure amine was dissol~ed in 10 ml. of ether and 
treated with a solution of 0.13 ml. of concentrated hydrochloric 
acid in 3 ml. of absolute eth~nol. Immediately a white pre-
cipitate formed. The mixture was allowed to stand for one 
hour and filtered. The salt, after being washed twice and dried 
at 75-S0°, 0.025 mm., melted at 310-310.5° c. Calculated for 
C17ff1~Cl: C, 75.12; H, 6.67; N, 5.15; Cl, 13.05. Found: C, 
74.9; H, 6.9; N, 5.2; Cl, 13.0. 
106 
4. N-(Allyl-l-c14)-benzenesulfonamide 
The apparatus used in the pyrolysis of the 11-(aminometbyl-
c14)-9,10-dihydro-9,10-ethanoant~acene is shown in Figure 11. 
The procedure used in the pyrolysis is similar to that used 
by other investigators for the pyro1ytic removal of anthracene 
to regenerate unsaturated compounds. Applequist and Roberts (6) 
describe one such reaction and give lead references. 
Benzenesu.lfonyl chloride (Eastman, white label) was redis-
tilled at reduced pressure. The fraction boiling at 138-139° c. 
at 30 mm. was used. Benzenesulfonyl chloride has previously 
been reported as boiling at 145-150° C. at 45 mm. (3) and at 
118-120° c. at 15 mm. (32). 
Into a 50 ml. pear-shaped flask with a 24/40 standard taper 
joint and a side arm, used as a nitrogen inlet, was placed a 
mixture of 11 g. of anthracene (Eastman, white label), 4.34 g. 
(18. 5 m.moles) of 11-( aminomethyl-c14) -9, 10-dihydro-9, 10-ethano-
anthracene ground, in a mortar, to a fine powder and 0.5 g. of 
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finely ground nBoileezer11 clay plate. The flask was attached to 
the pyrolysis apparatus as shown in Figure 11 which was arranged 
so that the escaping gasses were washed first with 50 ml. of water, 
then by a solution of 1.5 ml. of concentrated hydrochloric acid 
in 25 ml. of water. Both wash solutions were kept at aQout 0° c. 
with an ice bath .. 
After the system had been thoroughly flushed with nitrogen 
the flow of gas was adjusted to about 25 bubbles per minute through 
the receivers and a Wood's metal bath at .320° c. was raised under 
the reaction flask. Evolution of gas began immediately. The 
temperature of the bath was raised to .350° over a period of thirty 
minutes at which time the level of the refluxing liquid was half-
l'lay up the wide diameter tube in the 24/40 joint and no more gas 
appeared to be evolved. At no time could the distinctive odor of 
allyl amine be detected in the gasses escaping from the final 
receiver. 
The combined contents of the two receivers was placed in a 
tightly stoppered flask, together was 55 ml. of 10 per cent sodium 
hydroxide and 4.S g. (27 m.moles) of benzenesulfonyl chloride. 
The m:ixture was shaken vigorously for twenty minutes, allowed to 
stand with occasional shaking for another twenty minutes and 
filtered- first through fluted filter.paper and then through a 
mat of Hy-Flo-Supercel. The clear filtrate was chilled in an 
ice bath and acidified with 12.5 ml. of concentrated hydrochloric 
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acid.. The solution immediately became cloudy and was placed in 
a refrigerator overnight to allow the product to crystallize. 
The white, crystalline sulfonamide was collected by filtration, 
washed three times with water and dried overnight at 30 mm. pressure 
over sodium hydroxide pellets. 
Yield: 2.46 g. (12.5 m.moles or 67 per cent) 
M.p.: 40-40.5° C. 
Ginzberg (53) reported a melting point of· 40.5-41° for N-allyl-
benzenesulfonamide. The nature of any other possible products 
.from this reaction was not further investigated. 
In a similar cold run the sulfonamide obtained (in 61 per 
cent yield) melted at 39.5-40.5°. A mixture of this material 
and authentic N-allylbenzenesulfonamide (m.p. 39.0-41.0) melted 
0 
at 39.5-41.0 C. 
This N-(allyl-l-c14)-benzenesulfonamide was used in the 
degradative study described in part D. 
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D. Location of Isotopic Label in N-(Albyl-l-cl4)-benzenesulfonamide 
l. General ProcedUre for Activity Analysis 
The procedure followed in the activity analysis is that of 
Sc~Iebel, Isbeil and Moyer (B9) as adapted by Stouffer (105). 
A small sample, usually 5 to 15 mg., of the material to be 
analyzed was placed in a tared 1.25 ml. volumetric flask. The 
solvent, either formamide (Eastman, white label) or dimethyl-
formamide (Eastman, white label), was added to the mark by means 
of a dropping pipette. The solvent was used as received. The 
solution was thoroughly mixed, and the flask and contents weighed 
to obtain the density of the solution. 
Counting was done in an air-conditioned room with humidity 
control. A few drops of the sample were placed on a stainless 
steel planchet 2 mm. deep and having an inside diameter of 23.2 
mm. The sample planchet, a blank consisting of an identical 
empty planchet, and a standard reference source were introduced 
in succession into a Tracerlab SC-l6P Proportional Windowless 
Flow Counter with the counts being recorded on a Tracerlab SC-32 
Ampliscaler having an automatic timing device. The reference 
standard, obtained from Tracerlab, had approximately the same 
dimensions as the sample planchet and consisted of a barium 
carbonate-c14 source. 
All counts were taken at 1B50 volts applied to the center 
wire. The plateau of the counter at 1 millivolt sensitivity was 
flat for beta radiation from 1750 to 2050 volts. This plateau 
llO 
was checked at intervals during the course of the research and 
was found to remain constant. 
The three planchets - sample, blank, and standard -were 
counted in succession for the same time interval (3 minutes for 
samples of relatively high activity and 10 minutes for less 
active samples). The order of counting the planchets was rotated 
as shown below. After the count for the blank had been subtracted 
from each value, the sample count was divided by the standard 
count to give a llrelative count." Seven such determinations were 
made on almost every sample. The average re~ative count and the 
standard deviation of the average were calculated by standard 
statistical formulas. As an example, these calculations are shown 
in detail for the case of N-(allyl-l-cl4)-benzenesulfonnmide. 
To obtain the "relative molar activityn (see page 31) of 
the material being analyzed, the average relative count of the 
sample was multiplied by the density of the solution and by the 
i.... ""' , 
molecular weight of the compound and divided by the w·eight" of T.he 
sample. The relative activity of each compound was determined 
in duplicate and the "average relative molar activitytt. is given 
at the end of each pair of analyses. 
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2. Relative :r.iolar Activity of N-(allyl-l-cl4)-benzenesulfonamide 
N-(Allyl-l-c14)-benzenesulfonamide (m.p. 40-40.5° c.), the 
product of Section C-4, was analyzed by the procedure described 
in D-1. 
A. Weight of sample: 13.66 mg. 
Solvent: Formam:ide 
Density of solution: 1.154 
Counting interval: three minutes 
Counts: 
1. Standard 20,088 4. Standard 20,317 
Blank 47 Blank 67 
Sample 31,036 Sample 31,296 
2. Sample 31,191 5. Sample 31,318 
Standard 20,537 Standard 20,769 
Blank 79 Blank 57 
3. Blank 68 6. Blank 57 
Sample 31,399 Sample 31,609 
Standard 20,516 Standard 20,515 
7. Standard 20,149 
Blank 72 
Sample 31,737 
Relative counts:i~) 
1. 30 2989 _ 1.5463 3. 312331 20,041 - 20,448 = 1.5322 
2. 312112 _ 1.5208 4. ,212229 20,458 - = 1 .. 5422 20,250 
*) All calculations were done on a Friden calculator and were 
carried out to one more decimal place than shown to avo:id. 
rounding-off errors. 
5 .. ,31,261 ;;: 
20,712 1.5093 
7. 31,665 = 
20,077 
6. 31,552 ::: 
20,458 
1.5773 
ll2 
1.5423 
Letting 11xn be the relative counts, ttntt the number of deter-
minations, 11 s 211 the variance, "m11 the average (mean) relative 
count, and· ns.D.n the standard deviation of the mean, then: 
n-1 
S.D. =v~2 
n = 7 10.7702 .L:x: = 
~Ix22 
= i1 _Lx
2 = 16.573819 16.571030 
5 2 = 16.573819 - 16.571030 = 0.0004648 6 
= Jo. ooo
7
464$ = S.D. V 0.008149 
m = 1.5386 ~ 0.0081 
-
= 1.5386 ! 0.5 % 
Relative molar activity= 1.5386 X 1.154 x 197.26 = 25 64 13.66 • 
B. Weight of sample 6.25 mg. 
Solvent: Formarnide 
Density of solution: 1.147 
Counting interval: three minutes 
---~-----
Counts: 
1. Standard 
Blank 
Sample 
2. Sample 
Standard 
Blank 
3. Blank 
Sample 
Standard 
Relative counts: 
1. 
2. 
¥;6~~ = 
14,660 = 20,566 
14,64$ = 
20,381 
20,702 
65 
14,836 
·14, 722 
20,628 
62 
61 
14,709 
20,442 
4. Standard 
Blank 
Sample 
5. Sample 
Standard 
Bla.D.k 
6. Blank 
Sample 
Standard 
7. Standard 
Blank 
Sample 
20,409 
66 
14,671 
0.7158 
0.7128 
0.7187 
4. 14,661 = 
19,952 
5. J.4,586 = 
20,390 
6. 1Ju1QQ = 25;2b8 
7. 14,602 = 0.7179 20,343 
20,027 
75 
14,736 
14,654 
20,458 
68 
50 
14,750 
20,318 
0.7348 
0.7154 
0.7253 
Average relative count: = 0.7201 : 0.0029 
= 0.7201 = 0.4% 
Relative molar activity 
Average relative_~olar activity 
of N-(allyl-l-CL4)-benzenesul-
: 0.7201 X 1.147 X 197.26 
6.25 
... 26.07 
fonamide = 25.64 ~ 26.07 = 25 86 2 • 
ll3 
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The remaining N-(allyl-1-014)-benzenesulfonamide (40-40.5° c.) 
was recrystallized at -16° C. from. a mixture of 12 ml. of 95 per 
cent alcohol and 12 ml. of water. The product,was collected by 
filtration, washed twice with 5 ml. portions of cold 50 per 
cent ethanol and dried over sodium hydroxide at 30 mm. overnight. 
The product, 2.04 g. melting at 40-40.5° c., was analyzed for 
radioactivity by the procedure described in D-1. 
a) Weight of sample: 
Solvent: 
Density of solution: 
Counting interval: 
Counts: 
1. Standard 20,603 
Blank 63 
Sample 18,490 
2. Sample 18,668 
Standard 20,577 
Blank 59 
3. Blank 62 
Sample 18,940 
Standard 20,319 
7. 
Relative counts: 
1. 18,427 = 0.8971 
20,540 . 
8.16 mg. 
Formamide 
1.149 
three minutes 
4. Standard 20,286 
Blank 62 
Sample 18,889 
5. Sample 18,799 
Standard 20,197 
Blank 62 
6. Blank 50 
Sample 18,875 
Standard 19,969 
Standard 20,164 
Blank 
Sample 
61 
18,782 
'2. 18,609 = 0.9070 
20,518 
3. 18 2878 
= 0.9319 5. 18zZ.21 = 0.9306 20,257 20,135 
4. 182827 
= 0.9309 6. 18~~ = 0.9451 20,224 19,919 
7. 182121 
= 0.9312 20,103 
Average relative count 
Relative molar activity 
b) Weight of sample: 
Solvent: 
Density of solution: 
Counting interval: 
Counts: 
1. Standard 20,732 
Sample 29,484 
Blank 95 
2. Blank 93 
Standard 20,408 
Sample 29,045 
Sample 29,131 
Blank 74 
Standard 20,165 
7. Standard 
Sample 
Blank 
= 0.9248 = 0.0063 
= 0.9248 ! 0.7 % 
: 0.9248 X l.£l9 X 197.26 
8.1 . 
Formamide 
1.151 
three minutes 
4. Standard 20,307 
Sample 29,263 
Blank 77 
5. Blank 91 
Standard 20,229 
Sample 28,569 
6. Sample 29,444 
Blank 86 
Standard 20,110 
20,300 
28,909 
80 
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Relative counts: 
1. ~ = 1.4241 2 ' 37 
2 .. 28 2952 
- 1.4251 20,315 -
3. 22 2057 - 1.4463 20,091 -
7. 202220 
28,829 
Average relative count 
Relative molar activity 
4. 22 2186 
= 1.4427 
. 20,230 
5. 282478 
- 1.4141 20,138 -
6. 29 2258 
= 1.4661 20,024 
= 1.4258 
= 1.4349 ~ .0067 
= 1.4349 = 0.5 % 
: 1.4349 X 1.151 X 197.26 
12.65 
= 25.76 
Average relative molar activity 
of the recrystallized N-(allyl-
l-c14)-benzenesulfonamide - 25.68 + 25.76 = 25 •72 2 
ll6 
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3. Ozonolysis of N-(Allyl-l-c14)-benzenesulfonamide with Reductive 
Cleavage 
CH =0 2 
Cf-3 CH CH 2 c~-v------+cH.stX3 o;y_:.cH3 
- H20 CH 
2 0 0 0 
. The ozonizer used in this and the other ozonolyses was 
similar to the one described by Smith, Greenwood, and Hudrlik 
( 96). Oxygen was passed through the ozonizer and then through 
70 ml. of·water in an ozonolysis tube (about 3 em. in diameter) 
at such a rate that the bubbles were separated by l-2 em., from 
each other. The Variac supplying the primary of the high-
voltage transformer was set at 52. After the s,ystem had been 
equilibrated for three hours the rate of formation of ozone was 
titrated iodametrically as described by Smith, Greenwood and 
Hudrlick (96). 
A 17.79 mg. sample of N-(allyl-l-c14)-benzenesulfonamide 
(m.p.: 40-40.5°; relative molar activity: 25.72) and 224.7 mg. 
of cold N-allylbenzenesulfonamide (m.p. 39-40° C.) were placed 
in an ozonolysis tube and dissolved in 70 ml. of dichloramethane 
(Eastman, white label, redistilled from calcium hydride). The 
solution therefore contained 242.5 mg. (1.23 m.moles) of N-
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allylbenzenesulfonamide having a relative molar activity of 1.886. 
The solution was cooled in an acetone-dry ice bath for fifteen 
minutes. An ozone-oxygen mixture was then bubbled through the 
solution at a rate of 6.06 x lo-5 moles of ozone per minute. 
After twerity-one minutes (equivalent to 1.27 m.moles of ozone) 
a blue color, indicating excess ozone appeared in the solution. 
The reaction was stopped and the solution was allowed to warm 
slowly to room temperature while a vigorous stream of nitrogen 
was passed through. A water bath at 40 :: 5° C. was placed under 
the ozonolysis tube and nitrogen was bubbled through the solution 
until ~he volume remaining was about 10 ml. The solution was 
then added dropwise to a vigorously stirred (magnetic stirrer) 
suspension of 1.5 g. of zinc dust in 50 ml. of water. The mixture 
was stirred for thirty minutes and let stand at room temperature 
overnight. The zinc was removed by filtration and washed tho-
roughly, first with water and then with ether. Twenty grams of 
sodium chloride were dissolved in the aqueous layer of the fil-
trate and the solution was extracted with six 25 ml. portions of 
ethyl acetate. The organic solutions were discarded after only 
a superficial examination of the gummy nonvolatile solutes. The 
aqueous solution was diluted to 400 ml. with water, treated with 
a solution of 500 mg. (3.6 m.moles) of methene (Eastman, white 
label) in 10 ml. of alcohol, and placed in the refrigerator over-
night. The white, crystalline solid was collected by filtration, 
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washed four tirr~s with cold water and dried over sodium hydroxide 
at 30 mm. overnight. The yield was l$1 mg. (0.62 m.mole or 
50 per cent) of formaldimethone melting at l$6-187°. 
In a cold run similar to this the product (m.p. l$7-l$8° C.) 
was mixed with authentic formaldimethone (m.p. l$7-18$0 c.). 
The mixture melted at l$7-l$8°. VorlAnder (114) has reported 
l$9° Co (carr.) and Horning and Horning, 191-191.5° (carr.) 
(55) for the melting point of pure formaldimethone. 
4. Relative Molar Activity of Formaldimethone from N-(allyl-l-
c14)-benzenesulfonamide 
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Formaldimethone (m.p. 186-187° C.), the product of section 
D-3, was analyzed by the procedure described in D-1. 
a) Weight of sample 15.73 
Solvent: Dimethylformamide 
Density of solution: 0.96o0 
Counting interval: ten minutes 
Counts: 
1. Blank 271 4. Blank 272 
Standard 68,049 Standard 69,874 
Sample 1,197 Sample 1,216 
2 .. Sample 1,316 5. Sample 1,270 
Blank 306 Blank 324 
Standard 70,369 standard 70,425 
3. Standard 69,414 6. Standard 69,230 
·Sample 1,278 Sample 1,330 
Blank 305 Blank 335 
Relative counts: 
1. 926 
= 0.01366 4. 69,~M = 0.01356 67,778 
2. 12010 
- 0.01442 5. 946 - 0.01350 70,063 - 70,101 -
3. 973 
= 0.01408 69,109 6. d = 0.01444 8,895 
Average relative count = 0.01.394 ! 0.00017 
= 0.01394 ~ 1.2 % 
Relative Molar activity = 0.0129~ X 0.26o0 X 292.~ 15.73 
= 0.2488 
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b) Weight of sample: 17.93 mg. 
Solvent: Dimethylformamide 
Density of solution: 0.9544 
Counting interval: ten minutes 
Counts: 
1. Blank 278 4. Blank 266 
Standard 69,459 Standard 69,763 
Sample 1,428 Sample 1,451 
2. Sample 1,448 5. Sample 1,450 
Blank 286 Blank 312 
Standard 69,541 Standard 70,311 
3. Standard 67,399 6. standard 70,029 
Sample 1,422 Sample 1,458 
Blank 334 Blank 327 
7. Blank 256 
Standard 69,405 
Sample 1,419 
Relative counts: 
1. 1~150 
= 0.01662 
4. 12185 
= 0.01705 69,181 69,497 
2. 12162 
- 0.01678 5. ~ 0.01626 69,255 - 9,999 = 
3. 12088 
= 0.01614 6. 12131 = 0.01623 67,399 69,702 
7. 1116;2 = 0.01682 69,149 
Average relative count = 0.01658 ~ 0.00014 
= 0.01658 ~ 0.9 % 
Relative molar activity - 0.01658 X 0.9544 X 292.~ 
- 17.93 
- 0.2581 
-
Average relative molar activity = 0.25Sl ~ 0.24$S 
2 
= 0.2536 ~ 
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The remaining 150 mg. of formaldimethone (m.p. 1$6-1$7° c.) 
was recrystallized from a mixture of 10 ml. of 95 per cent alcohol 
and 6 ml. of water. The. product was collected by filtration, 
washed with two portions of 50 per cent alcohol and dried over 
sodium hydroxide at 20 mm. . The recrystallized formaldimethone, 
134 mg. melting at 1$7. 5-1SS° C. was analyzed ·for radioactivity 
by the procedure described in D-1. 
a) Weight of sample: 14.99 mg. 
Solvent: Dimethylformamide 
Density of solution: 0.956$ 
Counting interval: ten minutes 
Counts: 
1. Blank 27S 4. Blank 324 
Standard 6S,3Sl Standard 69,627 
Sample l,lSO Sample 1,2S3 
2. Sample ·1,39$ 5. Sample 1,19$ 
Blank 43S Blank 305 
Standard 70,163 Standard 69,530 
3. Standard 69,002 6. Standard 6S,l56 
Sample 1,224 Sample 1,230 
Blank 326 Blank 297 
Relative counts: 
1. d 0.01325 2. d - 0.01377 = 9,725 -,103 
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~ - 0.01308 68;676 5. ~ = 0.01290 9,225 
69,161· = 0.1384 6. 67,~3~ = 0.01375 
Average relative count = 0.01343 = 0.00016 
= 0.01343 :!: 1.2 % 
- 0.012~3 X 0•2268 X 222.~ -Relative molar activity 
14.99 
- 0.2507 -
b) Weight of sample: 20.79 mg. 
Solvent: .· Dimethylformamide 
Density of solution: 0.9616 
Counting interval: ten minutes 
Counts: 
l. Blank 309 4. Blank 306 
Standard 68,815 Standard 69,.301 
Sample 1,634 Sample 1,622 
2. Sample 1,587 5. Sample 1,648 
Blank 286 Blank 281 
Standard 69,126. Standard 70,204 
3. Standard 68,292 6. Standard 68,780 
Sample 1,560 Sample 1,645 
Blank 303 Blank 298 
7. Blank 314 
Standard 68,818 
Sample 1,633 
Relative counts: 
1. ~ - 0.01934 2. ~ = 0.01890 - , 40 ,5 
3. ~ = 0.01$49 7,9 9 
4. ~ = 0.01907 ,995 
7. ~ ,5 4 
Average relative count: 
Relative molar activity 
Average relative molar activity 
of recrystallized for.maldi-
5. ~ = 0.01955 9,923 
6. ~ = 0.01967 8,482
= 0.01925 
= 0.0191$ ! 0.00015 
= 0.01918 ~ o.s % 
- 0.01918 X 0.9616 X 292.4 
20.79 
= 0.2594 
methone = 0.2594 t 0.2507 
2 
= 0.2551 
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This represents 0.2551/1.886 or 14 per cent of the activity 
of the N-allylbenzenesulfonamide used as starting material. 
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5. Ozonolysis of N-(Allyl-l-cl4)-benzenesulfonamide with Oxidative 
Cleavage 
The general procedure used in the -ozonolysis was the same 
as that previously described in section D•3. The ozonides were 
·cleaved with alkaline silver oxide by the method of Asinger (8) • 
Silver oxide, prepared by the method of Campaigne and Le Suer 
(28), was filtered, washed thoroughly on the .funneJ. with water, 
and dried in an oven at ll0° c. .for two hours. 
A 101.9 mg. sample of N-(allyl-l-cl4)-ben~enesulfonamide 
(m.p.: 40-40.5°; relative molar activity: 25.72) and 1.968 g. 
of cold N-allylbenzenesul.fonamide (m.p.: 39-40° c.) were placed 
in an ozonolysis tube and dissolved in 50 ml. of dichloromethane 
(Eastman, white label, redistilled from calcium hydride ) • A 
4 ml. portion of this solution was removed and evaporated to 
dryness so that a sample of the diluted material could be kept. 
The remaining solution, containing about 1.90 g. (9.6 m.moles) 
of N-allylbenzenesulfonamide having a relative molar activity o.f 
1.266, was diluted with another 25 ml. of methylene chloride and 
cooled in a dry ice-acetone bath for twenty-five minutes. An 
ozone-oxygen mixture was then bubbled through the solution at 
a rate of 2.36 x lo-4 moles of ozone per minute. After forty-two 
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minutes (equivalent to 9.9 m.moles of ozone) a blue color in the 
solution indicated excess ozone. The dry ice-acetone bath was 
lowered and the excess ozone was removed by bubbling nitrogen 
through the solution until it had reached room temperature. 
The solution was then added dropwise to a vigorously stirred, 
hot suspension of 4.6 g. of silver oxide in 300 ml. of 10 per 
cent sodium hydroxide. The mixture was kept at 90-95° C. by 
heating it with a heating mantle. After the addition was complete 
the mixture was stirred at 90-92° c. for three hours and then let 
stand at room temperature overnight. The silver and silver oxide 
were removed by filtration thro~gh a sintered glass funnel and 
washed once with 10 per cent sodium hydroxide. The filtrate was 
acidified with 70 ml. of concentrated hydrochloric acid and 
filtered to remove a small amount of non-radioactive (checked with 
laboratory monitor) white precipitate. The clear, slightly 
yellow filtrate was concentrated by distillation from a steam 
bath at 120 mm. pressure until salt began to separate. The mixture 
was cooled in the refrigerator and, after the addition of just 
enough water to redissolve the salt, was extracted with one 100 ml. 
portion and five 50 ml. portions of ethyl acetate (Baker, reagent). 
The yellow extracts were washed with two 20 ml. portions of ice 
water. This removed practically all of the color from the 
extracts. It had been shown in previotis cold runs that this 
procedure will result in almost quantitative extraction of 
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N-benzenesulfonylglycine from an aqueous solution. 
The clear, still wet ethyl acetate solution was concentrated, 
by distillation from a steam bath at 150 mm. pressure, to a volume 
of about 15 ml. As the solution cooled the product began to 
crystallize. A total of 30 ml. of petroleum ether (Merck, reagent, 
30-60°) was added in small portions as the product crystallized 
and the mixture was placed in the refrigerator overnight. The 
product was collected by filtration, washed twice with petroleum 
ether and air dried. The crude N-benzenesulfonylglycine-2-cl4, 
1.12 g. melting at 159-165° c., was recrystallized from 12 ml. of 
water and dried in a desiccator over sulfuric acid at 30 mm. 
Yield: 0.99 g. (4.6 m.moles or 4B per cent) 
M.p.: 165-167° C. 
In a cold run similar to this, the product, isolated in 
30 per cent yield, melting at 167-168° c., was mixed with authentic 
N-benzenesulfonylglycine (m.p.: 167-168° C.) prepared by the method 
of Cocker and Lapworth ( 33). The mixture melted at 167-168° c. 
Cocker and Lapworth report a melting point of 165° c. The best 
yield obtained in a cold run similar to this was 55 per cent 
starting with 1.97 g. (10 m.moles) of N-allylbenzenesulfonamide. 
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6. N-(2-ijYdroxy-2,2-diphenylethyl-l-c14)-benzenesulfonamide 
r. 
2. 
The procedure followed in the preparation of N-(2-hydroxy-
2,2-diphenylethyl)-benzenesulfonamide was adapted from that used 
by Bettzieche, Menger and Wolf (16). 
Diazomethane was prepared as.an ethereal solution by the 
simplified procedure of Arndt (7). 
Phenylmagnesium bromide was prepared under nitrogen from 
1.25 g. (51.5 mg-atom) of magnesium (Dow, sublimed) and 10 g. 
(63 m.moles) of bromobenzene (Eastman, white label) in 75 ml. of 
ether (Merck, anhydrous reagent, dried over sodium) by the general 
method described by Cheronis (29) for the preparation of organo-
metallic reagents in an inert atmosphere. 
A suspension of 0.99 g. (4.6 m.moles) of N-benzenesulfonyl-
glycine-2-c14, the product of section D-5, in 50 ml. of ether 
was cooled in an ice bath and stirred with a magnetic stirrer. 
A solution containing about 0.8 g. (a large excess) of diazo~ 
methane in 25 ml. of ether was added. The mixture was stirred at 
0° C. for four hours. At the end of this time all solids had 
dissolved. The excess diazomethane was decomposed with a few 
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drops of a solution of acetic acid in ether. The solution was 
washed with two 10 ml. portions of 10 per cent sodium bicarbonate 
and one 10 ml. portion of water and was dried with magnesium 
sulfate. The ether was removed by distillation from a steam bath 
and the viscous residue was crystallized from a mixture of 6 ml. 
of chloroform and 40 ml. of petroleum ether. The ester was col-
lected by filtration, washed twice with petroleum ether and dried 
in a desiccator over sulfuric acid at 30 ~ pressure. 
Yield: 0.74 g. (3.2 m.moles or 70 per cent) 
. 14. p.: 65-65 .. 5° c. 
In the best cold run, from 4B4 mg. (2.25 m.moles) of N-
benzenesulfonylglycine, treated with excess diazomethane solution 
as described in this section, 445 mg. of the methyl ester, 
melting at 65-66°, was isolated corresponding to an B6 per cent 
yield. In an earlier cold run the ester had been prepared by 
refluxing a solution of N-benzenesulfonylglycine in a mixture of 
10:1 methanol-benzene with a catalytic amount of sulfuric acid. 
The crude product, obtained in 65 per cent yield melted at 61-62° c. 
After several recrystallizations from chloroform-petroleum ether the 
melting point was brought to 64.5-65° C. Calculated for c9H11No4s: 
C, 47.16; H, 4.B4. Found: C, 47.2; H, 4.9. 
The ester was dissolved in 25 ml. of ether (Merck, anhydrous 
reagent, stored over sodium) and added over a five minute period 
to the vig9rously stirred solution of phenylmagnesium bromide. 
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The cloudy mixture was stirred for six hours and then let stand 
at room t em.perature overnight. The product was decomposed by 
pouring it onto a mixture of 120 g. of crushed ice, 12 ml. of 
concentrated hydrochloric acid and 120 ml. of water. The aqueous 
layer was separated from the ether layer and extracted with 75 ml. 
of ether. The ether solutions were combined and washed in succession 
with 30 ml. of water, 30 ml. of 10 per cent sodium bicarbonate and 
30 ml. of water. The solution was dried with magnesium sulfate and 
the ether was removed by distillation. 
The yellow, oily residue was dissolved in 25 ml. of benzene 
and applied to a chromatographic column prepared from 60 g. of 
alumina (Merck, suitable for chromatographic adsorption) in ben-
zene. (column 2. 5 em. x 13 em.). The column was eluted with 250 ml. 
of benzene follm~ed by 350 ml. of ether. These eluates were dis-
carded. The column was then eluted with 660 ml. of 10:1 ether -
absolute ethanol. The eluate was concentrated to a viscous oil 
by distillation from a steam bath - first at atmospheric pressure 
and finally at 30 mm. vacuum. The residue was dissolved in a 
hot mixture of 10 ml. of acetic acid and 10 ml. of water. The 
yellow, turbid solution was treated with 0.05 g. of Norit, filtered, 
and allowed to cool in the refrigerator for four hours. The pro-
duct was collected by filtration, washed twice with 2:1 water-
acetic acid and dried in a desiccator at 30 mm. pressure over 
sodium hydroxide pellets. 
Yield: 0.53 g. (1.5 m.moles or 47 per cent) 
M.p.: 135-136° 
Bettzieche, Menger and Wolf (16) report 139° as the melting 
point of N-(2-hydroxy-2,2-diphenylethyl)-benzenesulfonamide. In 
this laboratory repeated recrystallizations, from a variety of 
solvents, of carbinol obtained from cold runs failed to bring 
the melting point above 136-137°. The best yield obtained in a 
cold run of this reaction was 36 per cent. 
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7. Relative Molar Activity of N-(2-Hydroxy-2,2-diphenylethyl-l-
c14)-benzenesulfonamide 
The product of section D-6 (m.p. 135-136° C.) was analyzed by 
the procedure described in D-1. 
a) Weight of sample: 14.35 mg. 
Solvent: Dimethylformamide 
Density of solution: 
Counting interval: five minutes 
Counts: 
1. Sample 2,074 4. Sample 2,213 
Standard 35,060 Standard 35,449 
Blank 144 Blank 133 
2. Blank 151' 5. Blank 167 
Sample 2,190 Sample 2,190 
Standard 35,503 Standard 35,369 
3. Standard 34,864 6. Standard 35,511 
Blank 121 Blank 127 
Sample 2,145 Sample 2,141 
7. Sample 2,277 
Standard 35,381 
Blank 145 
Relative counts: 
1. 12930 
- 0.05528 4. 2 2080 = 0.05890 34,916 35,316 
2. 2~032 
= 0.05768 5. 2202.2, = 0.05747 35,352 35,202 
3. 2202~ 
- 0.05826 6. 2 2014 - 0.05692 34,743 - 35,384 -
7. ~ = 0.06051 35,23 
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Average relative count = 0.05786 ~ 0.00062 
::: 0.05786 !: 1.1 % 
Relative molar activity = 0.02786 X 0.262~ X 252·~ 
1.4.35 
= 1.371 
b) Weight of sample: 11.47 mg. 
Solvent: Dimethylformamide 
Density of solutiont 0.9640 
Counting interval: five minutes 
Counts: 
1. Blank 142 4. Blank 130 
Sample 1,534 Sample 1,652 
Standard 35,148 Standard 35,376 
2. Standard 34,570 5. Standard 34,725 
Blank 129 Blank 159 
Sample. 1,584 Sample 1,569 
3. Sample 1,566 6. Sample 1,566 
Standard 35,409 Standard 35,107 
Blank 139 l3lank 127 
7. Blank 146 
Sample 1,669 
standard 34,649 
Relative counts: 
1. ~ - 0.03977 4. ~ = 0.04318 35, - 35,24 
2. la422 
- 0.04225 5. ~ 0.04079 34,441 - 34,5 = 
3. lz427 
= 0.04046 
6. la~22 
= 0 .. 04114 35,270 34,980 
7 • 1,523 - 1.1.1 1. 
34,503 - 0 • 0~ 
Average relative count 
Relative molar activity 
- 0.0416B ! 0.00060 
= o.o416B ~ 1.4 % 
: 0.0416B X 0.9640 X 353-h 
11.47 
= 1.23B 
Average relative molar activity - 1.371 + l.23B 
2 
= 1.304 
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The remaining carbinol (m.p. 135-136° C.) was recrystallized 
from a mixture of 10 ml. of benzene and 20 ml. of n-hexane. The 
white needle~shaped crystals were collected by filtration, washed 
with n-hexane and dried at 30 mm.. over sulfuric acid overnight. 
The recrystallized carbinol, 466 mg. melting at 136-137° C., was 
again analyzed for radioactivity by the procedure described in D-1. 
a) Weight of sample: 9.25 mg. 
Solvent: Dimethylformamide 
Density of solution: 
Counting interval ten minutes 
Counts: 
1. Sample 2,5BB 3. Standard 69,B09 
Standard 70,B73 Blank 260 
Blank 276 Sample 2,626 
Blank 257 4. Sample 2,6BB 
Sample 2,625 Standard 70,060 
Standard 70,B03 Blank 297 
5. Blank 319 6. Standard 69,098 
Sample 2,674 Blank 325 
Standard 69,891 Sample 2,75~ 
7. Sample 2,717 
Standard 69,463 
Blank 
Relative counts: 
1. 2~312 
= 0 .. 03275 70,597 
2. ~ = 0.03357 70,54 
3. 21366 
69,549 = 0.0.3402 
7. ~ 9, 92
Average relative count 
Relative molar activity 
b) Weight of sample: 
Solvent: 
Density of solution: 
Counting interval: 
Counts: 
1. Sample 
Standard 
Blank 
3,378 
70,383 
292 
271 
4. ~ - 0.03427 9,7 3 -
5. ~ 0.03385 = 9,572
6. ~ = 0.03538 8,773
= 0.03535 
= 0.03417 : 0.00036 
= 0.03417 : 1.0 % 
: 0.03417 X 0.9632 X 353.4 
9.25 
= 1.257 
12.21 mg. 
Dimethylfor.mamide 
ten minutes 
2. Blank 
Sample 
Standard 
302 
3,459 
70,003 
135 
3. Standard 69,847 
Blank 294 
Sample 3,386 
4. Sample. 3,512 
Standard 70,"264 
Blank 274 
7. Sample 
Standard 
Blank 
Relative counts: 
1. ,2 1086 
- 0.04403 70,091 -
2. 
.22121 
- 0.04473 70,581 -
3. ~ - 0.04446 9,553 -
7.~ -9,913 -
Average relative count 
Relative molar activity 
5 .. Blank 290 
Sample 3,394 
Standard 70,332 
6. Standard 69,018 
Blank 285 
Sample 3,468 
3,543 
70,213 
300 
4. ~ = 0.04626 9,990
5. ,2 1 10~ 
- 0.04432 70,042 -
6. ~ 0.04631 ,733 = 
0.04639 
= 0.04521 ~ 0.00040 
= 0.04521 ~ 0.9 % 
: 0.04221 X 0.964$ X .22.2•4 
12.21 
~ 1.263 
Average relative molar activity = 1.263 + 1.25.7 
2 
- 1.260 
136 
This represents 1.260/1.266 or 100 per cent of the activity 
of the N-allylbenzenesulfonam.ide used as starting material. 
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S. Cleavage of N-(2-ijydroxy-2,2-diphenvlethyl-l-c14)-benzenesulfonamide 
with Lead Tetraacetate 
+ 
C!-h 2 CH3~ . ~H 0 2. 
0 
-H o 2 
+ 
The procedure followed was adapted from that of Drewitt (3S~. 
The procedure for preparing the phenylhydrazone of benzophenone 
was adapted from that of Cheronis and Entrikin (30). The phenyl-
hydrazine used (Eastman, white label) was redistilled under nitro-
gen the same day, the fraction boiling at 119-120° c. at 12 mm. 
being used. Vogel (111) reports a boiling point of 119-120° at 
12 mm. for phenylhydrazine. 
Into a 25 ml. pear-shaped flask were placed 440 mg. (1.25 
m.moles) of N-(2-hydroxy-2,2-diphenylethyl-l-c14)-benzenesul-
fonamide (m.p. 136-137°), 1.30 g. (1.90 m.moles) of lead oxide 
(Pb o4) and 4.7 ml. of acetic acid. The mixture was heated on a 3 . 
steam bath, with stirring, until the lead oxide had dissolved. 
A finely divided, brown solid separated from the solution. After 
the mixture had been heated on the steam bath for another one and 
a half hours, 20 ml. of boiling water was added. The mixture was 
boiled for five seconds to hydrolyze any compounds such as benzene-
sulfonamidomethyl acetate (C6H5so2NHCH20COCH3) that might be 
present (106). The mixture was diluted with 55 ml. of ice water 
and e~racted with two 55 ml. portions of ether. 
The aqueous layer was filtered through a mat of By-Flo-Super-
eel. Ten per cent sodium acetate solution was added to the clear 
colorless filtrate to bring the pH to 4.5 - the pH most favorable 
for the crystallization of formaldimethone (121). A solution of 
550 mg. (3.9 m.moles) of methene in 10 ml. of alcohol was added 
and the solution, which rapidly became cloudy, was allowed to 
stand at room temperature overnight. The product was collected 
by filtration, washed twice with water and dried at 30 mm.. over 
sodium hydroxide. The crude formaldimethone, 0.23 g. melting at 
180.5-182° c., was recrystallized from 6 ml. of 95 per cent 
alcohol. The product was collected by filtration, washed twice 
with alcohol and dried over calcium chloride at 20 mm. overnight. 
Yield: 214 mg. (0.73 m.mole or 58 per cent) 
M.p.: 1$7.5-188.5° C. 
In a cold run similar to this the product (m.p.: 187-188° c.) 
isolated in 52 per cent was mixed with authentic formaldimethone 
(m.p.: 187.5-188° C.). The melting point of the mixture was 
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l$7.5-1SS° C. 
The ether extracts containing the benzophenone were combined 
and washed with three 30 ml. portions of 1 per cent sodium hy-
droxide. The last wash had a pH greater than 10. The colorless 
ether solution was washed twice with water, dri_ed over magnesium 
sulfate, and concentrated to an almost colorless oily residue by 
vacuum distillation from a steam bath. The oil was dissolved in 
5.5 ml. of methanol, heated to boiling and treated with O.ll ml. of 
phenylhydrazine. After the solution had been boiled for one 
minute, one drop of acetic acid was added and the solution was 
refluxed for fifteen minutes. Water was added dropwise until the 
solution became turbid. As the solution cooled a brown gum 
separated. The supernatant liquid was decanted from the r~sidue 
and was extracted with 25 ml. of ether in two portions. The ether 
extract was washed once with 1 per cent hydrochloric acid and 
twice with water. The deep yellow solution was dried-with mag-
nesium sulfate, decolorized with Norit and evaporated to dryness 
under nitrogen at room temperature. The residue was recrystal-
lized three times from methanol-water to give 6. 9 mg. of benzo-
phenone phenylhydrazone melting at 134.5-135.5° C. Cheronis and 
Entrildn (30) report 136-137° C. as the melting point of benzo-
phenone phenylhydrazone. The brown gum was also decolorized with 
Norit and recrystallized twice from methanol-water to give an 
additional 25 mg •. of benzophenone phenylhydrazone melting at 
140 
134-135° c. A portion of this material was mixed with authentic 
benzophenone phenylhydrazone (135.5-136° C.). The mixture melted 
at 134-135.5° c. 
In a previous cold run 405 mg. (1.15 m.moles) of the carbinol 
had been oXidized and con~erted to the phenylhydrazone by an al-
most identical procedure as here described except that the phenyl-
hydrazine (Eastman) had not been redistilled before use. The 
yield of benzophenone phenylhydrazone was 70 mg. (0.26 m.moles or 
22 per cent) • 
In another cold run 103 mg. (0.292 m.moles) of the carbinol 
was oxidized Qy the same method but the product was isolated as 
the dinitrophenylhydrazone. The yield of benzophenone dinitro-
phenylhydrazone was 82.3 mg. (78 per cent) melting at 234.5-235.5°. 
A mixture of this material with authentic dinitrophenylhydrazone 
0 (235.5-236 ) melted at 235-236°. This material was insoluble in 
both formamide and dimethylformamide. Probably the most satisfactory 
derivative of benzophenone, from the point of view of activity 
analysis, is the semicarbazone (see section IV-F-7). 
9. Relative 1'1olar A.~tivity of Benzophenone Phenylhydrazone 
The product of section D-8, benzophenone phenylhydrazone 
melting at 134-135~, was analyzed qy the procedure described in 
D-1. 
a) Weight of sample: 21.84 mg. 
Solvent: Dimethylformamide 
Density of solution 0.9632 
Counting interval: ten minutes 
Counts: 
1. Standard 69,215 3. Sample 179 
Sample 194 Blank 197 
Blank 203 Standard 70,580 
2. Blank 199 4. Standard 71,580 
Standard 71,800 Sample 199 
Sample 203 Blank 217 
5. Blank 226 
Standard 70,420 
Sample 187 
Relative counts: 
1. -9 = -0.00013 3. -18 = -0.00026 69,012 70,383 
2. 4 
- 0.00007 4. -18 = -0.00025 71,601 - 71,363 
5. -39 
-
-o.00056 70,194 -
Average relative count = -o.00023 ! 0.00010 
= -o.00023 :!: 44 % 
Relative molar activity = -0.00023 X 0.9632 X 272.3 
21.84 
= -0.003 
Since most of the benzophenone had been used for this 
analysis a duplicate analysis could be made only by recovering this 
material. The unused benzophenone phenylhydrazone was added to 
the remaining dimethylformamide solution used for the analysis. 
The solution was diluted with a few milliliters of methanol and 
filtered through a plug of glass wool to remove a small amount of 
insoluble material. The solution was diluted with water until it 
was turbid at the boiling point and allowed to cool. The product 
was collected by filtration, washed with 50 per cent methanol and 
dried in a desiccator over sodium hydroxide at 20 mm. overnight. 
The recrystallized hydrazone, 20 mg. melting at 135-135.5°, was 
analyzed as before. 
b) 1\Teight of sample: 19.65 
Solvent: Dimethylformamide 
Density of solution: 0 .. 9608 
Counting interval: ten minutes 
Counts: 
1. Sample 213 3. Standard 70,264 
Standard 69,943 Blank 185 
Blank 202 Sample 243 
Blank 205 4. Sample 216 
Sample 209 Standard 70,207 
Standard 70,244 Blank 203 
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5. Blank 207 6. Standard 69,933 
Sample 225 Blank 216 
Standard 69,554 Sample 205 
7. Sample 216 
Standard 70,021 
Blank 213 
Relative counts: 
1 .. 11 
- 0.00016 4a 1,2 0.00019 69,741 - 70,004 = 
2 .. !± 
= 0.00006 
5. lB 
= 0.0002$ 70,039 69,347 
3. 2B 
= O.OOOB3 6 .. -11 = -0.00016 70,079 69,717 
7. 
69,BOg = 0.00004 
Average relative count 
-· 
0.00020 ~ 0.00012 
= 0.00020 ~ 60 % 
Relative molar activity ... 0.00020 X 0.260B X 272 • .2 
19 .. 65 
- 0.003 
-
Average relative molar activity - 0.00,2 - 0.00,2 
- 2 
= o.ooo 
10. Relative Molar Activity of Formaldimethone 
The product of section D-8, formaldimethone melting at 
187.5-188.5°, was analyzed for radioactivity by the procedure 
described in D-1. 
a) Weight of sample: 9.26 mg. 
Solvent: Dimethylformamide 
Density of solution: 0.96013 
Counting interval: ten minutes 
Counts: 
Sample 3,099 4. Sample 3,275 
Blank 171 Blank 197 
Standard 69,352 Standard 70,297 
2. standard 68,6135 5 .. Standard 69,922 
Sample 3,023 Sample 3,233 
Blank 197 Blank 201 
Blank 186 6. Blank 208 
Standard 69,782 Standard 69,931 
Sample 3,234 Sample 3,281 
7 .. Sample 3,329 
Blank 195 
Standard 70,598 
Relative counts: 
1. 22928 
= 0.04232 4 .. 320713 :: 0.04391 69,181 70,100 
2. 22826 
= 0.04126 613,4813 5. ~ - 0.04349 9,721 -
3. 6?:~$f - 0.04380 6. 32073 = 0.04407 - 69,723 
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7. 2213!± 
- 0.04452 70,403 .... 
Average relative count = 0.04334 ! 0.00043 
= 0.04334 : 1.0 % 
Relative molar activity - 0.04324 X 0.2608 X 292.!± 
- 9 .. 26 
- 1.315 -
b) 1veight of sample: 11.22 mg. 
Solvent: Dimethylformamide 
Density of solution: 0 .. 9632 
Counting interval: ten minutes 
Counts: 
1. Sample 3,695 4 .. Sample 3,566 
Standard 70,800 Standard 70,980 
Blank 187 Blank 238 
2. Blank 221 5o Blank 200 
Sample 3,647 Sample 3,707 
Standard 71,201 standard 70,277 
3 .. Standard 70,042 6o Standard 70,221 
Blank 222 Blank 221 
Sample 3,735 Sample 3,691 
7. Sample 3,870 
Standard 70,547 
Blank 227 
Relative counts: 
1. ~ - 0.04968 4. 22328 = 0.04704 70, 13 - 70,742 
2. 2z426 
= 0.04827 
5 .. 22207 
= 0.05005 70,980 70,077 
3. ~ = 0.05032 6. 32!±7.0 = 0.04957 9,82 70,000 
7. 3,643 = 0.051Sl 
70,320 
Average relative count ~ 0.04953 ! 0.00057 
Relative molar activity 
= 0.04953.~ 1.2% 
= 0.04953 X 0.9632 X 292.4 
11.22 
- 1.243 
Average relative molar activity - 1.243 ~ 1.315 
2 
= 1.279 
The remaining formaldimethone (m.p. 1B7.5-1SS.5°) was 
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recrystallized from 6 ml. of 95 per cent alcohol. The product, 
116 mg. melting at 1S7.5-1SS0 , was analyzed for radioactivity by 
the procedure described in D-1. 
a) Weight of sample: 
Solvent: 
Density of solution: 
Counting interval: · 
Counts: 
1. Sample 
Standard 
Blank 
2. Blank 
Sample 
Standard 
3. Standard 
Blank 
Sample 
4,901 
70,494 
220 
193 
4,952 
71,023 
70,0S7 
1S2 
5,065 
15.14 mg • 
. Dimethylf ormamide 
0.9544 
ten minutes 
4 .. Sample 5,04S 
Standard 71,273 
Blank 1S9 
5. Blank 222 
Sample 5,247 
Standard 71,07S 
6. Standard 70,100 
Blank 21S 
Sample 5,421 
· 7 e sample 
Standard 
Blank 
Relative connts: 
1. 42681 
= 0.06640 70,494 
2. !±a 59 
= 0.06719 70,830 
3. ~ = 0.06985 9,9 5
7. 52172 
-70,313 -
Average relative connt 
Relative molar activity 
b) Weight of sample: 
. Solvent: 
Density of solution: 
Counting interval: 
Counts: 
1. Sample 4,273 
Blank 192 
Standard 69,127 
2. Standard 68,882 
Sample 4,278 
Blank 210 
147 
5,387 
70,525 
212 
4. !±2859 
- 0.06836 71,084 -
5. ~ = 0.07092 7 ' 5 
6. ~ 9, 2 = .0.07445 
0.07360 
= 0.07011 = 0.00117 
= 0.0?011 ~ 1.7 % 
= 0.07011 X 0.9544 X 292.4 
15.14 
= 1.292 
13.39 mg. 
Dimethylformamide 
0.9632 
ten minutes 
3. Blank 
Standard 
Sample 
4. Sample 
Blank 
Standard 
203 
69,150 
4,470 
4,448 
217 
70,444 
5. Standard 69,192 6. Blank 204 
Sample 4,510 Standard 69,772 
Blank 208 Sample 4,558 
7. Sample 4,578 
Blank 235 
Standard 70,488 
Relative counts: 
1. 42081 
- 0.05920 4. !±,22,21 - 0.06025 68,935 - 70,227 -
2. 4 2068 
-
. 0.05924 2.• !±2202 - 0.06236 68,672 - 68,984 -
3. 42267 
- 0.06189 6 .. ~ = 0.06259 68,947 - 9,5 8
7. !±22!±2 
70,253 = 0.06182 
Average relative count = 0.06105 ! 0.00055 
= 0.06105 !: 0.9 % 
Relative molar activity = 0.06105 X 0.9622 X 222•!± 
13.39 
= 1.284 
Average relative molar activity : 1.284 + 1.222 
2 
;:; 1.288 
This represents 1.288/1.266 or 102 per cent of the activity 
of the N-allylbenzenesulfonamide used as the starting material. 
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E. 3,3-DipheQylpropylamine-l-c14 Hydrochloride from 1-Benzenesulfonyl-
2-bramomethylethyleneimine-3-014 
\ 
l. 1-Benzenesulfonyl-2-bramamethylethyleneimine-3-014 
CH-CH-C'H I 2 \ I 2 
Br N 
I 
S02 CJi5 
The procedure followed was adapted from that of Gensler (50). 
Non-radioactive N-allylbenzenesulfonamide was added to the 
remaining N-(allyl-l-c14)-benzenesulfonamide (m.p. 40-40.5) 
until the total weight was 4.00 g. (0.0203 mole). The mixture 
was dissolved in 50 ml. of chloroform (Baker, U.S.P.). After 
the solution had been thoroughly cooled in an ice bath, it was 
stirred vigorously while a solution of 3.24 g. (0.0203 mole) of 
bromine (Baker, reagent) in 25 ml. of chloroform was added over 
a period of ninety minutes. The red solution then was stirred 
in the ice bath for another hour. Solvent was removed by dis-
tillation at water aspirator vacuum, using only a small amount 
of heat from a steam bath, until a white solid residue remained. 
The residue was dissolved in 15 ml. of absolute alcohol and 
again all solvent was removed by vacuum distillation. The crude 
N-(2,3-dibramopropyl-l-c14)-benzenesulfonamide was dissolved in 
25 ml. of hot absolute alcohol and added, in one portion, to 
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250 ml. of 1/10 N sodium hydroxide (Fisher Certified Reagent) 
with vigorous stirring. The solution became opaque almost 
immediately. The mixture was diluted with 100 ml. of water, 
placed in an ice bath, and stirred until cold. The product, 
collected by filtration through a sintered glass funnel of 
coarse porosity, was washed several times with water and dried 
over calcium chloride at 25 mm. 
Yield: 5.34 g. (0.0193 mole or 97 per cent) 
M.p.: S7.5-8S0 
Gensler (50) reported a melting point of S6-SS.5° for the 
crude product which, after recrystallization from ethyl alcohol, 
furnished 1-benzenesulfonyl-2-bromomethylethyleneimine, m.p. 
S9-90°. 
151 
2. N-(3,3-DiphenylpropYl-l-cl4)-benzenesulfonamide 
The procedure followed was adapted from that of Gensler and 
Rockett (52). 
Into a 300 ml. flask were placed a magnetic stirrer, 5.34 g. 
(0.0193 mole) of l-benzenesulfonyl-2-bromomethylethyleneimine-3-
c14 (m.p. 87.5-BS0 ) and 90 ml. of benzene (Eastman, white label). 
A 10 ml. portion of benzene was distilled from the solution to 
remove any water present. After the solution had cooled, 4.0 g. 
(0.030 mole) of aluminum chloride (B. and A., Anhydrous, SUb-
limed) was added. A reflux condenser protected with a calcium 
chloride tube was attached and the mixture was reflux.ed with 
stirring for three hours. The brown solution was poured into a 
mixture of 200 g. of ice water and 25 ml. of concentrated hydro-
chloric acid. The mixture was extracted with three 50 ml. por-
tions of ether. The ether extracts were washed with two 25 ml. 
portions of water, two 25 ml. portions of 5 per cent sodium bi-
carbonate and again two 25 ml. portions of water. After the solu-
tion had been dried with calcium sulfate it was concentrated, on 
a steam bath, at water aspirator vacuum to a viscous amber residue. 
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The residue was dissolved in 21 ml. of 95 per cent alcohol and 
placed in a freezer (-15°) for forty-eight hours. The tan 
semi-crystalline product was collected by filtration, washed with 
5 ml. of 95 per cent alcohol and recrystallized from 7 ml. of 
alcohol. The product was collected by filtration, washed twice 
with cold alcohol and dried in a desiccator over sodium hydroxide 
at 30 mm .. 
Yield: 1.70 g. (0.0048 mole or 25 per cent) 
M.p.: 124-125° 
The various washes and mother liquors were combined with 
1.1$ g. of non-radioactive N-)3,3-diphenylpropyl)-benzenesul-
fonamide (m.p. 127-12$0 ). The solution was concentrated to a 
gummy residue by distillation and crystallized from 15 ml. of 
95 per cent alcohol. The product, 1.49 g. melting at 121-124 °, 
was combined with another 1.00 g. of the non-radioactive sulfonamide 
(m.p. 127-128°) and used as a scavenger in the following recrystal-
lization. 
The main portion of product, 1.70 g. melting at 124-125°, 
was recrystallized from 10 ml. of 95 per cent alcohol. The N-
(3,3-diphenylpropyl-l-c14)-benzenesulfonamide was collected and 
dried as before. 
Yield: 1.52 g. (4.32 m.moles or 22 per cent) 
M.p.: 126-127° 
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The mixture (2.49 g.) of non-radioactive and radioactive sul-
fonamide used as a scavenger before was dissolved in the mother 
liquors and recrystallized to give another 2.21 g. of the sul-
fonamide melting at 126.5-127.5°. This was combined with the 
~2 g. melting at 126-127°. 
Gensler and Rockett, (52) reported 12S-129° as the melting 
point of N-(3,3-diphenylpropyl)-benzenesulfonamide. 
3. 3, 3-Diphen.ylpropylamine-l-c14 !:Jydrochloride 
2, HCI 
The procedure used was adapted from that of Snyder and 
Heckert ( 98) • 
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Hydrobromic acid (Baker, reagent, 413 per cent) was redistilled 
at atmospheric pressure shortly before use. The fraction boiling 
at 123 ~ 1° at 7 43 nnn. was used. The boiling point has been 
reported as 125-126°/760 mm. (109). 
Enough non-radioactive N~,3-diphenylpropyl)-benzenesulfon­
amide was added to the N-(3,3-diphenylpropyl-l-c14)-benzene-
sulfonamide, obtained in section E-2, to make a total of 4.00 g. 
(11.58 m.moles). The mixture was placed in a 200 ml. flask. 
fitted with a reflux condenser and mechanical stirrer, together 
with 8.0 g. of phenol (Merck, reagent) and 60 ml. of constant 
boiling hydrobromic acid. The mixture was refluxed with stirring 
for three hours. The resulting mixture, a red oil floating on 
the aqueous phase, was cooled in an ice bath and then poured into 
600 ml. of water. The aqueous solution was decanted from the 
red oil (density greater than 1.0). When this oil was shaken 
with 100 ml. of ether, it crystallized rapid~. After ten minutes 
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the mixture was filtered.. The amine hydrobromide was washed with 
two 50 ml. portions of ether and sucked dry. The aqueous layer 
was extracted with an additional 200 ml. of ether. The combined 
ether solutions were washed with 100 ml. of water and discarded. 
The aqueous solutions were combined with the amine salt, 
made alkaline with 250 ml. of 10 per cent sodium hydroxide and 
extracted with 200 ml. of ether. One gram (4.04 m.moles) of non-
radioactive 3,3-diphenylpropylamine hydrochloride was added to the 
alkaline layer and the suspension was extracted with a fresh 100 ml. 
portion of ether. The ether extracts were dried with magnesium 
sulfate and acidified with a mixture of 1.3 ml. of concentrated 
hydrochloric acid and 50 ml. of ether. The amine hydrochloride_, 
after crystallizing in the refrigerator overnight, was collected 
by filtration_, washed twice with ether, and dried over sodium 
hydroxide pellets overnight. 
Yield: 3.06 g. (12.3 m.moles) 
M.p.: 212.5-213.5° 
In a cold run similar to this except tha~ no 3.,3-diphenyl-
propyla.mine was added during the extraction, the yield of amine 
hydrochloride was 2.04 g. (8.2 m.moles) or 71 per cent) melting 
at 213-214°. 
Gensler and Rockett (52) have reported that the amine salt 
melts at 218-219°. In cold runs by the present author a conversion 
of the amine salt back to the free amine, reconversion to the 
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amine hydrochloride and repeated recrystallizations from alcohol 
failed to bring the melting point any higher than 214-214.5°. 
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4. Relative Molar Activity of 3,3-Diphenylpropylamine-l-c14 
Hydrochloride 
3,3Diphenylpropylamine-l-c14 hydrochloride, the.product of 
section E-3, was analyzed for radioactivity by the procedure 
described in D-1. 
a) Weight of sample: 7.83 mg. 
Solvent: Formamide 
Density of solution: 1.150 
Counting interval: ten minutes 
Counts: 
1. Sample 9,535 . 4. Sample 9,459 
Blank 194 Blank 197 
Standard 68,773 Standard 68,ll5 
2. Standard 68,200 5. Standard 67,910 
Sample 9,501 Sample 9,542 
Blank 214 Blank 201 
3. Blank 236 6. Blank 196 
Standard 68,571 Standard 68,191 
Sample 9,424 Sample 9,579 
7. Sample 9,727 
Blank 229. 
Standard 67,795 
Relative counts: 
1. 92341 
= 0.13621 
4. 92262 
- 0.13637 68,579 67,918 -
2. ~ 7,9 = 0.13660 5. 9z34l 67,709 = 0.13796 
3. 92188 :: 0.13446 6. ~ - 0.13799 68,335 7,995 -
158 
7. ~ - 0.14057 7,5 ... 
Average relative count - 0.13717 + 0.00073 
- -. 
... 0.13717 ~ 0.5 % 
-
Relative molar activity = 0.13717 X 1.150 X 2~7.8 
7.83 
= 4.992 
b) Weight of sample: 9.19 mg. 
Solvent: Formamide 
Density of solution: 1.147 
Counting interval: ten minutes 
Counts: 
1. Sample 11,008 4. Sample ll,l84 
Blank 218 Blank 226 
Standard 68,311 Standard 67,635 
2. Standard 68,350 5. Standard 67,683 
Sample 10,898 Sample ll,l55 
Blank 198 Blank 203 
3. Blank 221 6. Blank 218 
Standard 67,225 Standard 67,651 
Sample 10,880 Sample 10,917 
7. Sample 11,087 
Blank 190 
Standard 67,609 
Relative counts: 
1. 102790 
- 0.15846 4. 102958 = 0.16256 68,093 - 67,409 
2. 10 2700 
= 0.15700 5. ~ - 0.16230 68,152 -7,4 
3. 102659 
- 0.15908 6. 102699 - 0.15866 67,004 - 67,433 -
7 .• 
Average relative count 
Relative molar activity 
lO,S97 = 0.16163 67,419 
= 0.15997 + O.OOOS2 
. -
~ 0.15997 ~ 0.5 % 
- 0.15997 X 1.147 X 247.8 
9.19 
= 4-947 
Average relative molar activity - 4.947 ~ 4.992 
2 
= 4.f;J70 
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The remaining 3,3-diphenylpropylamine-l-c14 hydrochloride, 
3.043 g. melting at 212.5-213.5°, was diluted with 3.043 g. of 
non-radioactive 3,3-diphenylpropylamine hydrochloride. The 
mixture was recrystallized overnight at room temperature from 
50 ml. of absolute alcohol and 50 ml. of petroleum ether (30-60°). 
The product, white needles, was collected by filtration and 
washed on the funnel with three portions of 1:1 absolute alcohol-
petroleum ether. A second crop was obtained by diluting the fil-
trate with an equal volume of petroleum ether, cooling the solu-
tion in the refrigerator overnight and collecting the salt as 
before. A third crop was obtained by concentrating the fil-
trates to about 10 ml. by distillation and diluting the solution 
with 20 ml. of petroleum ether. All three crops were dried in a 
desiccator over sodium hydroxide at 25 mm. 
First crop: 4.47 g. 
M.p.: 213.5-214° 
Second crop: 1.26 g. 
Third crop: 
M.p.: 
213-214° 
0.26 g. 
0 213.5-214 
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The amine hydrochloride of the first crop was analyzed for 
radioactivity by the procedure described in D-1. 
a) Weight of sample: 15.04 mg. 
Solvent: Formamide 
Density of solution: 1.145 
Counting interval: ten minutes 
Counts: 
1. Sample 8,903 4. Sample 9,066 
Standard 67,327 Standard 67,880 
Blank 249 Blank 251 
2 .. Blank 247 5. Blank 218 
Sample 9,044 Sample 8,847 
Standard 67,496 Standard 67,627 
standard 67,478 6. Standard 67,001 
Blank 248 Blank 261 
Sample 9,063 Sample 9,115 
7. Sample 8,913 
Standard 67,672 
Blank 242 
Relative counts: 
1. ~ = 0.12901 4. 8 2815 = 0.13034 7, 7 67,629 
2. 82797 ... 0.13081 5. 8 1 629 - 0.12801 67,249 - 67,409 -
3. 82812 
= 0.13112 
6. & - 0.13266 67,230 ,740 
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7. ~ - 0.12859 7,43 -
Average relative count - 0.13008 ! 0.00062 -
= 0.13008 !: 0.5 % 
Relative molar activity - o.12oo8 x 1.145 x 2~z.s 
- 15.04 
= 2.454 
b) Weight of sample: 18.31 mg. 
Solvent: Formamide 
Density of solution: 1.150 
Counting interval: ten minutes 
Counts: 
1. Sample 10,570 4. Sample 10,689 
Blank 214 Blank 201 
Standard 68,607 Standard 67,746 
2. Standard 67,902 5. standard 67,789 
Sample 10,841 Sample 10,750 
Blank 228 Blank 223 
3. Blank 223 6. Blank 225 
standard 68,086 standard 67,506 
Sample 10,541 Sample 10,644 
7 .. Sample 10,829 
Blank 214 
standard 67,524 
Relative counts: 
1. ~ - 0.15142 4. 102488 0.15527 ,393 - 67,545 = 
2. ~ - 0.15683 5. 102527 - 0.15580 7, 74 - 67,566 -
3~ 102318 
- 0.15204 6,. ~ = 0.15486 67,863 - 7,281
Average relative count 
Relative molar activity 
10,615 
67,310 = 0.15770 
= 0.15486 ~ o.oooss 
~ 0.15486 : 0.6 % 
= 0.15486 X 1.150 X 247.$ 
1$.31 
= 2.410 
Average relative molar activity - 2.410 + 2.454 
2 
;:: 2.432 
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F. Location of Isotopic Label in 3,3-Diphenylpropylamine-l-e14 
Hydrochloride 
1. N2N-Dimetnvl-3,3-diphe~ylpropylamine-l-c14 
HCOOH 
The procedure used was an adaptation of the one described 
by Icke and Wisegarver (57). 
A suspension of 5.75 g. ( 23.2 m.moles) of 3,3-diphenyl-
propylamine-l-C14 hydrochloride (m.p. 213-214°; relative molar 
activity: 2.432) in 75 ml. of ice water and 25 ml •. of 10 per 
cent sodium hydroxide was extracted with one 100 ml. and two 
50 ml. portions of ether. The ether extracts, after being dried 
with magnesium sulfate, were concentrated to a yellow oil by 
distillation from a steam bath at water aspirator vacuum. The 
oil was cooled in an ice bath and treated with 5.0 ml. of formic 
acid (Matheson, 98-100 %) • The mixture was allowed to warm to 
room temperature and stirred until the solid that had precipitated 
on the addition of the acid redissolved. After the solution had 
again been cooled in an ice bath, 5. 5 ml. of 37 p~r cent formalin 
(Baker, reagent) was added slowly with swirling. The solution 
was heated under reflux five hours on a steam bath. A mi:x:ture of 
75 ml. of ice water and 50 ml. of 10 per cent sodium hydroxide 
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was added to the solution and the amine was extracted with one 
100 ml. and two 50 ml. portions of ether. After the extracts 
had been dried with magnesium sulfate the ether was removed by 
distillation at water pump vacuum tram a steam bath. The residue, 
a viscous yellow oil, was distilled under nitrogen. The product 
distilled at 118-121°/0.4 mm. No forerun was collected. The 
distillate (4.31 g.) was dissolved in 15 ml. of petroleum ether 
(30-60°) and the solution was cooled to -23° in a bath of frozen 
and liquid carbon tetrachloride. After one hour the supernatant 
liquid was decanted fram the white crystalline product which was 
rinsed once with 20 ml. of petroleum· ether (pre-cooled in a dry 
ice-acetone bath). The product was dried in a desiccator at 
25 nun. 
Yield: 3.39 g. (14.2 m.moles or 61 per cent) 
M.p.: 43-44° 
Adamson (4) has reported m:.p. 44-45° for N,N-dimethyl-3,3-di-
phenylpropylamine; Ruddy (84) has reported b.p. 116-120/ 1 mm., 
m.p. 45-46°; and Sperberger, Sherlock and Papa (101) have reported 
b.p. 121-126°/0.5 mm., m.p. 42-44°. 
The best yield obtained in a cold run was 58 per cent. 
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2. 3,3-Diphenylpropene-1-c14 
The procedure used was an adaptation of the one described by 
Cope and Bumgardner (34) for the preparation of 3-phenylpropene. 
A solution of 3.39 g. (14.2m.moies). of N,N-d.imethyl-3,3-
. diphenylpropylamine-l-c14 (m.p .. : 43-44°; relative molar ~ctivity: 
2.432) in S.O ml. of methanol (Baker, reagent) was cooled in an 
ice bath and stirred vigorously while 6.5 ml. of hydrogen peroxide 
(Merck, reagent, 30 per cent) was added at a rate of about 15 
drops per minute. When the addition was complete, the ice bath 
was removed and the cloudy mixture was stirred at room temperature 
until it had become homogeneous (about one hour). The solution 
was then kept at roam temperature for twenty-four hours. A 0.03 g. 
portion of palladium black (Fisher, C.P.) was added to decompose 
the excess hydrogen peroxide and the mix~ure was stirred at room 
temperature another twenty-four hours. The palladium was removed 
by filtering the mixture into the flask (a 75 ml. pear-shaped 
flask with a side arm suitable as a gas inlet and a 24/40 standard 
taper neck) to be used for the pyrolysis of the amine oxide. 
About 5 ml. of methanol was used to help transfer the solution and 
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to wash the palladium. The solvents were removed from the filtrate 
0 by distill;- -'~ion from a water bath at 40-45 at 30 mm. pressure 
until a viscous residue remained and then at 0.5 mm. until the 
residue solidified to a crystalline solid. 
The flask containing the amine oxide was connected to a 
pyrolysis train arranged so that the escaping volatile products 
passed first through a trap cooled in ice water and then through 
a trap cooled in dry ice-acetone. The system was flushed with 
nitrogen and evacuated to 0.5 mm. while a very slow stream of 
nitrogen was admitted through a capillary in the side arm of the 
flask. An oil bath at 70° c. was raised under the pyrolysis 
flask and the temperature was raised at a rate of 2-3° per minute. 
Decomposition of the amine oxide began at a bath temperature of 
about 130° and was complete at 170°. Practically no residue was 
left in the pyrolysis flask at this time. The material in the 
two traps was washed out with 30 ml. of ether. The ether was 
washed with 20 ml. of 5 per cent hydrochloric acid and three 
times with 20 ml. of water, and dried with magnesium sulfate. 
Distillation (from an oil bath at 155-160°) through a 2 inch 
Vigreux column gave 2. 27 g •. ( 11. 7 m.moles or 82 per cent) o:f 
3,3-diphenylpropene-l-c14 boiling at 89-92° at 0.5 mm. 
In a previous cold run the product, isolated in 78 per cent 
yield, (b.p.: 105-107°/0.7 mm.; no20: 1.5777; nD25: 1.5756) was 
analyzed. Calculated :for c15H14: C, 92.74; H, 7.26. Found: 
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c, 92.6; H, 7 .2. Infrared absorption peaks (neat liquid) at 
6.11, 7.10, 10.03, and 10.88 microns (1637, 1408, 997, and 919 
cm.-1 ) indicate the presence of an unconjugated vinyl group (11) .. 
The ultraviolet absorption spectrum of a 0.00226 M solution of 
the hydrocarbon in carbon tetrachloride (Eastman, Spectre Grade) 
(taken on a Beckman model DK-1 Recording Spectrophotometer) showed 
maxima at 270.5 (logE = 2.67) and 262 (logE = 2.82) millimicrons. 
The spectrum was compared with the published spectra (77) of di-
phenylm.ethane and of 1,1-diphenylpropene. The spectrum is similar 
to that of diphenylmethane, which shows maxima at 269 (logE = 
2.6) and at 259 (logE. = 2.7), and completely unlike that of 1,1-
diphenylpropene, which has :max:i.ma at 294 (logE = 2.5) and at 
250 (log E = 4.1). 
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3. Diphenylacetaldehyde and Derivatives 
Authentic diphenylacetaldehyde semicarbazone was needed to 
identify one of the products of the ozonolysis described in F-4. 
meso-Hydro benzoin (m. p. 134-134. 5°) was prepared from benzoin in 
80 per cent yield by the method of Fieser (45). Fieser reports 
a melting point of 136-137°. 
The ~ydrobenzoin (B.O g.) was converted to ·diphenylacetaldehyde 
(nD25 = 1.5874) by the method of Weise (115). Shearer and Wright 
(93) report nn20 = 1.5878. An infrared spectrum of the product 
showed two carbonyl absorption peaks at 5~80 and at 5.93 microns. 
The crude aldehyde (3.90 g.) was purified by the method .of Breuer 
and Zincke (20) by adding it to 15 ml. of a saturated solution of 
sodium bisulfite in water. The mixture was stirred and warmed 
gently on a hot plate until an exothermic reaction began and a 
white solid began to form. The mixture was allowed to stand at 
room temperature for three hours and filtered. The solid was 
sucked as dry as possible and washed with two 10 ml. portions of 
1:2 absolute alcohol-ether, and two 10 ml. portions of ether. 
The aldehyde, which is not very stable (20), can be conveniently 
stored in the form of the bisulfite adduct. After being thorough-
~ dried, the white solid was dissolved in 100 ml. of water. A 
small amount of insoluble material was removed by filtration 
through a mat of Hy-Flo~percel. The filtrate was then treated 
with 20 ml. of 20 per cent sodium carbonate solution and the 
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regenerated aldehyde was extracted with one 20 ml. and two 10 ml. 
portions of dichloromethane. The extracts were washed with 50 ml. 
of water containing one drop of sulfuric acid, dried with sodium 
sulfate and distilled to dryness as before. The residu~l oil, 
2.3S g. (~25 = 1.5S62) had an infrared spectrum identical to that 
described above except that the large carbonyl peak at 5.93 and 
five medium or small peaks at 7.59, 7.S5, S.22, S.34 and lO.OS 
microns were missing. The impurity that was removed by this 
procedure was not identified. The facts that it did not form a 
solid bisulfite addition compound and that it has an absorption 
peak at 5.93 microns indicate that the compound might be desoxy-
benzoin (c6H5CH2coc6H5). 
A 1.80 g. (0.0092 mole) portion of the aldehyde was added to 
a solution of 2.0 g. of semicarbazide hydrochloride (Eastman, 
white label) and 3.0 g. of sodium acetate crystals (Baker, reagent) 
in 20 ml. of water. Enough methanol (40 ml.) was then added to 
make the solution homogeneous.. A trace of gummy insoluble solid 
was removed by filtration. In about five minutes the product 
began to crystallize. After two hours at room temperature the 
semicarbazone was collected by filtration, washed twice with water 
and dried. 
Yield: 1.73 g. (0.068 mole or 74 per cent) 
M.p.: 159.5-160° 
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By cooling the filtrates in the refrigerator a second crop 
(0.3S g. melting at 159.5-160°) was obtained. This was combined 
with the first crop. The total yield, therefore, was 2.11 g., 
O.OOS3 mole or 90 per cent. One recrystallization from methanol-
water brought the melting pointto 161-162°. 
Newbold and Spring (70) have reported 160-161°; Eliel, Herr-
mann and Traxler (42) have reported 163-164 °; and l\rieovie, Regie 
and Eihailovic (6S) have reported 15S-160° as the melting point 
of diphenylacetaldehyde semicarbazone. 
In an earlier experiment the aldehyde had been converted to 
the dinit~ophenylhydrazone by the general method of Cheronis (30). 
The dinitrophenylhydrazone melted at 149-149.5° and this melting 
point was unchanged after two recrystallizations from benzene-
petroleum ether. An infrared spectrum (potassium bromide pellet) 
showed all of the peaks characteristic of a 2,4-dinitrophenyl-
hydrazone_ (62) and a small unidentified peak at 6.47 microns. 
The derivative has recently been prepared by a number of in-
vestigators. The reported melting points (in chronological order) 
are 145-146° (43), 154.0-155.5° (71), 150-151° (56), 150.2-150.5° 
(93), 150-151° (42), and 144-145° (6S). The highest melting point 
was reported by Newman and Edwards (7i). These workers had puri-
fied the hydrazone by "chromatography with benzene using chro-
matographic alumina." A sample (37 mg.) of the golden yellow 
hydrazone was therefore chromatographed with benzene on alumina 
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(Merck, Reagent, Suitable for Chromatography). Only 5.1 mg. of 
a dark red material (m.p. 164-166°) was eluted with benzene. The 
main product (2S mg.) was a greenish-yellow material eluted with 
9:1 benzene-ether. This material, after recrystallization from 
benzene-petroleum ether, melted at 1$2-182.5°. The fingerprint 
region of an infrared spectrum of this compound (potassium bromide 
pellet) was entirely different from that of the starting material. 
In the region of 2. 5 to 8 microns the spectrum of the new compound 
had strong bands at 6.53, 6.61 and 7.44 microns as well as medium 
to weak bands at 3.26, 6.17 and 6.22 microns indicative of nitro 
groups and of aromatic rings. The bands in the 6.00 to 8.00 
micron region were completely different in position and relative 
intensity from those expected ( 62) of a 2,4-dinitrophenylhydrazone: 
6.19 (s), 6.30 (m), 6.60 (m), 6.65 (m), 7.03 (mw), 7.52 (s), 
7.66 (m), 7.90 (w). There was no band in the 3.00 to 3.10 region 
indicating the absence of an N-H band, and no band at 3.43 indi-
cating the absence of a C~ group. 
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4. Ozonolysis of 3,3-Diphenylpropene-l-cl4 
+ 
The general procedure followed in the ozonolysis is the same 
as that reported in section D-3. 
The ozonide was cleaved by the procedure used by Wieland, 
Heusler, Ueberwasser and Wettstein (ll8). 
A solution of 768 mg. (3.95 m.moles) of 3,3-diphenylpropene-
l-c14 (relative activity: 2.432) in 70 ml. of methylene chloride 
(Eastman, white label, freshly distilled from calcium hydride) 
was cooled in a dry ice-acetone bath for thirty minutes. An 
ozone-oxygen mixture was passed through the solution at a rate of 
0.0887 m.mole per minute. After forty-four minutes (equivalent 
to 3.90 m.moles of ozone) a blue color appeared in the solution. 
The ozonolysis Was stopped and the excess ozone and oxygen were 
blown off with nitrogen. 
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About 5 g. of zinc dust was activated by treating it with 
20 ml. of 10 per cent acetic acid for 5 minutes. After the excess 
acid had been removed by decantation, 20 ml. of water was added. 
The m.ixture was stirred and, after the zinc had settled, the water 
was decanted from the residue. The moist slurry of zinc remaining 
was added to the ozonide solution followed by 25 ml. of absolute 
alcohol (pre-cooled in a dry ice-acetone bath). The mixture was 
stirred with a magnetic stirrer until the t~perature had risen 
to 0° at which time 25 ml. of ice water was added. The mixture 
was then ·stirred for one bour at room temperature and let stand 
an additional hour. The zinc was removed by filtration and 
washed once with methylene chloride and once with water. The 
methylene chloride solution was extracted with two 25 ml. portions 
of watei; one 25 ml. portion of 10 per cent sodium bicarbonate, and 
two 25 ml. portions of water. 
The methylene chloride solution - containing the diphenyl~ 
acetaldehyde - was separated from the aqueous layer and distilled 
from a steam bath at water aspirator vacuum until a non-volatiie 
oily residue was left. The oil was dissolved in 20 ml. of methanol 
and added to a solution of 0.74 g. (6.6 m.moles) of semicarbazide 
hydrochloride (Eastman, white label) and 1.10 g. of sodium acetate 
crystals (Baker, reagent) in 7.5 ml. of water. The mixture was 
warmed on a steam bath to re-dissolve the precipitate that had 
formed and then let stand at room temperature overnight. The 
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diphenylacetaldehyde semicarbazone was collected by filtration, 
washed twice with cold methanol and dried. 
Yield: 0.72 g. 
M.p.: 159-161° 
A second crop, obtained by diluting the filtrate with 75 ml. 
of water and cooling the mixture in the refrigerator, was collected 
as above. 
Yield: 0 .. 23 g. 
M.p.: 160-161.5° 
The two fractions were combined and recrystallized from 10 ml. of 
methanol and 5 ml. of water. 
Yield: 0.73 g. (2.9 m.moles or 73 per cent) 
M.p.: 162-163° 
In a cold run similar to this, the product (m.p. 161.5-162.5°) 
isolated in 76 per cent yield, was mixed with authentic diphenyl-
acetalde~yde semicarbazone (m.p. 161-162°).. The mixture melted 
at 161.5-162.5°. When the product was mixed with benzophenone 
semicarbazone (m.p. 164-165°) the mixture melted at 127-149°. 
The aqueous solutions - containing the formaldehyde - were 
combined. The pH was adjusted to 4.5 (the pH most favorable for 
the crystallization of formaldimethone (121) by the addition of 
acetic acid. The solution was extracted once with,50 ml. of di-
chloromethane and once with 50 ml. of ether. These extracts were 
. . . ' 
cHscarded. A solution of 1.75 g. (12.5 m.moles) of methene in 
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35 ml. of alcohol was added and the product, after crystallizing 
at room temperature overnight, was collected by filtration, washed 
. twice with water and dried in a desiccator over sodium hydroxide 
~25~ 
Yield: 1.01 g. (3.45 m.moles or B7 per cent) 
M.p.: 1B7-1BB0 
In a cold run similar to this, the product (m.p. 1B7-1BB0 ), 
isolate in B9 per cent yield, was mixed with authentic formaldi-
methone (m.p. 1B7-1BB0 ). The mixture melted at 1B7-1BB0 • 
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5. Relative Molar Activity of Formaldimethone . 
The product of section F-4, formaldimethone melting at 
1$7-188°, was analyzed for radioactivity by the procedure described 
in t>-1. 
a) Weight of sample: 21.57 mg. 
Solvent: Dimethylformamide 
Density of solution: 0.96415 
Counting interval: ten minutes 
Counts: 
1. Sample 12,922 4. Sample 13,232 
Blank 208 Blank 203 
Standard 68,269 Standard 70,545 
2. Standard 67,902 5. Standard 69,023 
Sample 12,967 Sample 13,167 
Blank 206 Blank 191 
3. Blank 227 6. Blank 218 
Standard 68,994 Standard 69,492 
Sample 12,975 Sample 13,118 
7. Sample 13,349 
Blank 222 
Standard 70,149 
Relative counts: 
1. fa7~ = 0.18680 4. 1;2~022 = 0.18522 
' 
70,342 
2. 12J761 
= 0.18850 5. ~ = 0.18852 67,696 
' 3 
3. H = 0.18538 6. fa900 = 0.18622 ,7 7 9,274 
7. ~ 9,927 = 0.18772 
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Average relative count = 0.18691 ! 0.00052 
= 0~18691 :!: 0.3 % 
Relative molar activity = 0.18691 X 0.9648 X 222.~ 
21.57 
= 2.445 
b) Weight of sample: 16 .. 98 mg .. 
Solvent: Dimethylformam.ide 
Density of solution: 0.9576 
Counting interval: ten minutes 
Counts: 
1. Sample 10,167 4. Sample 10,517 
standard 70,408 Standard 70,708 
Blank. 220 Blank 184 
2. Blank 255 5. Blank 186 
Sample 10,312 .Sample 10,530 
Standard 71,220 Standard 70,552 
3. Standard 69,480 6. standard 70,032 
Blank 201 Blank 217 
Sample 10,545 Sample 10,594 
7. Sample 10,598 
Standard 70,454 
Blank 229 
Relative counts: 
1. 929!±'1 :: 0.14172 4o 102;233 :: 0.14652 70,188 70,524 
2. 10 2057· 
= 0.14172 
5. ~ ::: 0.14700 70,965 70,3 
.3· ·~ 
= 0.14931 
6. 10:.377 
= 0.14864 9,279 69,815 
7. 10,369 = 0.14765 
70,225 
Average relative count = 0.14608 ! 0.00118 
Relative molar activity 
= 0.14608 ~ 0.8 % 
= 0.14608 X 0.9576 X 292.4 
16.98 
= 2.409 
Average relative· molar activity = 2·.);.09 + 2.445 
0 2 
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The remaining formAldimethone was recrystallized from 95 per 
cent alcohol as described in D-10. The recrystallized formaldi-
metho;ne (m.p:. 187 .5-188°) was analyzed for radioactivity by the 
procedure described in D-1. 
a) Weight of sample 12.25 mg. 
Solvent: Dimethylformamide 
Density of solution: 0.9600 
· Counting interval: ten minutes 
Counts: 
1. Sample 7,302 4. Sample 7,536 
Blank 217 Blank 207 
Standard 68,464 Standard 70,645 
Standard 67,622 5. Standard 69,407 
Sample 7,509 Sample 7,695 
2. 
Blank 193 Blank 192 
Blank 208 6. Blank 194 
Standard 69,546 Standard 69,656 
Sample 7,497 sample 7,803 
7• 
Relative counts: 
1. 7~085 :: 
-0.10381 68,247 
2. ~ - 0.10850 7,,429 -
3. 72289 
= 0.10512 69,338 
7. 
Average relative count 
Relative molar activity 
b) Weight of sample: 
Solvent: 
Sample 7,785 
Blank 195 
Standard 70,578 
4. 7~329 :: 0.10405 70,438 
5. 72503 
69,215 ·- 0.10840 
6. ~ ·- 0.10954 9,4 2
72220 
= 0.10784 70,383 
= 0.10675 ! 0.00089 
= 0.10675 ~ 0.8 % 
: 0.10675 X 0.9600 X 292.4 
12.25 
= 2.446 
17.87 mg. 
Dimethylformamide 
Density of solution: 0.9632 
Counting interval: ten minutes 
Counts: 
1. Sample 10,439 3. Standard 69,913 
Standard 70,635 Blank 208 
Blank 199 Sample 10,808 
Blank 202 4. Sample 10,757 
Sample 10,565 Standard 70,473 
Standard 70,663 Bla.rik 197 
2 .. 
179 
5. Blank 187 6. Standard 69,991 
Sample. ll,l61 Blank 196 
Standard 70,182 Sample ll,l20 
7. Sample ll,l61 
Standard 69,846 
Blank· 214 
Relative counts·: 
1. ~ - 0.14538 4. ~ - 0.15027 - 7 ' 7 -7 ,43 
2. ~ = 0.14707 5. ~ - 0.15678 7 ,4 1 9,995 -
3. 102600 :: 0.15207 6. 102924 :: 0.15652. 69,705 69,795 
7. 102947 
- 0.15721 . 69,632 -
Average relative count = 0.15219 ~ 0.00183 
;: 0.1521"9 :!:: 1.2 % 
Relative molar activity - 0.15219 x 0.9632·x 292.4 
-
17.87 
:: 2.399 
Average relative molar activity = 2.399 ~ 2.446 
2 
= 2.423 
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The represents 2.423/2.432 or 100 per cent of the activity 
of the 3,3-diphenylpropyl~~ne hydrochloride used as the starting 
material in the degradation. 
Aside from its bearing on the mechanism problem, this result 
can be taken as evidence that no formaldehyde is generated at 
any stage of the cleavage process from solvent, or from any source 
lSl 
other than from the terminal carbon of diphenylpropene. 
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6. Relative I1olar Activity of Diphenylacetaldehyde Semicarbazone 
The product of section F-4, diphenylacetaldehyd~ semicarbazone 
melting at 162-163°, was analyzed for radioactivity by the pro-
cedure described in D-1. 
a) 1-Jeight of sample: 16.70 mg. 
Solvent: Formamide 
Density of solution: 1.142 
Counting interval: ten minutes 
Counts: 
1. Sample 219 4 .. Sample 228 
Blank 199 Blank 204 
Standard 68,810 Standard 68,108 
2. Standard 67,608 5. Standard 67,678 
Sample 223 Sample 217 
Blank 211 Blank 205 
3. Blank 222 6. Blank 205 
Standard 68,482 Standard 67,555 
Sample 232 Sample 218 
7. Sample 221 
Blank 198 
Standard 67,450 
Relative counts: 
1. 20 
- 0,.00029 4. 24 - 0.00035 68,6ll - 67,904 -
2. 12 
= 0.00019 
5 .. 12 
- 0.00018 67,397 67,473 -
3. 10 
- 0.00015 6. 13 = 0.00019 68,260 - 67,350 
Average relative count 
Relative molar activity 
b) T;Ieight of sample: 
Solvent: 
Density of solution: 
Counting interval: 
Counts: 
1. Sample 230 
Standard 6S,31S 
Blank 202 
2. Blo.nk 216 
Sample 199 
Standard 6S,022 
3. Standard 67,603 
Blank 203 
Sample 193 
7 .. Sample 
Standard 
Blank 
Relative counts: 
1. 28 
- 0.00041 6s,n6 -
= 0.00024 : 0.00003 
= 0.00024 ~ 14 % 
: 0.00024 X 1.142 X 253.3 
16.70 
= 0.0042 
20.09 mg. 
Formam.ide 
1.156 
ten minutes 
4. Sample 225 
Standard 67,778 
Blanlc 205 
5. Blank 18S 
Sample 217 
Standard 67,773 
6. Standard 66,599 
Blank 214 
Sample 231 
207 
67,401 
190 
2. ~ = -0.,00025 7, 
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3. -10 
:: -0.00015 67,400 
5. 67,5~~ = 0.00043 
4. 20 
- 0.00030 67,573 -
6. 66,3~3 - 0.00026 -
7. 17 
= 0.00025 67,211 
Average relative count = O.OOOlS ~ 0.00010 
;;:::; O.OOOlS ! 57 % 
Relative molar activity = O.OOOlS X 1.126 X 252·2 
20.09 
= 0.0026 
Average relative molar activity = 0.0026 ~ 0.0042 
2 
::: 0 .. 0034 
1S4 
This represents 0.0034/2.432 or 0.1 per cent of the activity 
of the 3,3-diphenylpropylamine hydrochloride used as the starting 
material in the degradation. 
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7. Oxidation of Diphenylacetaldehyde Semicarbazone 
+ (C6 H5 ) 2 C=N N H C 0 N H 2 
The procedure used was adapted from that of Eaton, Bla.ck and 
Fuson (39). 
Into a 125 ml. round bottom flask were placed 0.25 g. (1.0 m. 
mole) of diphenylacetaldehyde semicarbazone (m.p.: 161-162°), 5 ml. 
of pyridine, 1.0 g. of potassium permanganate, and a solution of 
2.5 g. of sodium hydroxide in 45 ml. of water. The mixture was 
refluxed for one hour and allowed to cool. Solid sodium bisulfite 
was added in small portions until the excess permanganate had been 
destroyed (44). The mixture was then acidified with 10 per cent 
sulfuric acid and, after enough additional sodium bisulfite had 
been added to decompose the remaining manganese dioxide, placed 
in the refrigerator. After 18 hours 0.14 g. of yellowish solid was 
collected by filtration, washed with water, and dried over sodium 
hydroxide at 25 mm. The product melted at 46-47°. A sample 
mixed with benzophenone (Eastman, m.p. 47.5-49°) melted at 46.5-48°. 
The remaining 135 mg. (0.74 m.mole) of product was placed in 
an 8 inch test tube with 82 mg. (0.74 m.mole) of semicarbazide 
hydrochloride, 0.5 ml. of water, and 2.0 ml. of methanol. The 
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mixture was warmed slightly to bring the reactants into solution 
and was then filtered through a plug of glass wool to remove a 
trace of insoluble impurity. Nine drops of pyridine was then 
added and the solution was refluxed on a steam bath for 3.5 hours. 
The clear solution was then diluted with just enough water (1.5 ml.) 
to make the hot liquid cloudy. A minute crystal of benzophenone 
semicarbazone was added as a seed and, as it cooled slowly to 
room temperature, the mixture was stirred vigorously with a glass 
rod to encourage the formation of more seeds and thereby prevent 
the product from oiling outo After one hour at room temperature, 
the mixture was placed in an ice bath for another hour and then 
was filtered. The crude product, after being washed thoroughly 
with water, was recrystallized at once from 2 ml. of methanol and 
2 ml. of water at room temperature overnight. The product, which 
was collected by filtration, washed once with water~methanol (1:1), 
and dried over sodium. hydroxide at 25 mm. consisted of 0.11 g. 
(0.46 m.mole) of slightly yellow crystals melting at 163.5-164.5°. 
Borsche and Merkwitz (19) report 164-165° for the melting point 
of benzophenone semicarbazone. 
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ABSTRACT 
When 1-benzenesulfonyl-2-bromomethylethyleneimine, I, is 
treated with aluminum chloride in benzene the only identifiable 
product, isolated in 30 per ·cent yield, is N-(3,3-diphenylpropyl)-
benzenesulfonamide, II.. In earlier work on the mechanism of this 
reaction, several compounds had been tested by subjecting them to 
the same conditions as those employed in the conversion of 1-
benzenesulfonyl-2-bromomethyleneimine, I, to N-(3,3-diphenyl-
propyl)-benzenesulfonamide, II, and noting whether or not the 
same product, II, was obtained. The compoUnds so tested were 
a) 2~benzenesulfonamido-1,3-diphenylpropane, b) 2-benzenesul-
fonamido-1-bramo-3-phenylpropane, c) 1-benzenesulfonamido-2-
benzylethyleileimine, and d) N-( cinnamyl)-benzenesulfonamide. In 
the present work a fifth compound, 1-benzenesulfonyl-2-phenyl- · 
azetidine, XXVIII; was also tested in this manner. Only the 
last of these compounds, the 1-benzenesulfonyl-2-phenylazetidine, 
yielded II when subjected to the Friedel-Crafts conditions used 
in the original reaction. Moreover the yield of II was more than 
twioe as large as the best yield reported in the production of 
II from I. 
On the basis of these facts it is tentatively postulated 
that the azetidine, XXVIII, is an intermediate in the formation 
of II from I. If the azetidine is, in fact, an intermediate, 
there are several mechanisms by which it could arise from I under 
the conditions used. These possible mechanisms are discussed in 
detail and it is shown that a choice can be made among them on 
the basis of the distribution of radioactive labeling in the final 
product, II, when radioactivity is inserted appropriately in 
the starting material, I. 
With this in mind l-benzenesulfonyl-2-bromomethylethylene-
imine-3-C14 was prepared. Carbonation of vinylmagnesium bromide 
with labeled carbon dioxide gave acrylic-l-c14 acid. To protect 
the double bond and prevent isomerization during subsequent re-
actions the acid was added to anthracene by a conventional diene 
synthesis and converted to the amide. Reduction with lithium 
aluminum hydride followed by pyrolytic cleavage of the adduct 
generated allylamine-l-c14, which was isolated as the benzene-
sulfonyl derivative. Bromination followed by treatment with 
dilute alkali gave l-benzenesulfonyl-2-bramomethylethyleneimine-
3-c14, I. 
To demonstrate that the position of the label was as indicated, 
the immediate precursor of I, N-(allyl-l-c14)-benzenesulfonamide 
was subjected to stepwise degradation. Formalde~yde, representing 
position 3 of the· allyl group, was isolated as the methene deriva-
tive after treatment 1v.ith ozone followed by reductive cleavage 
of the ozonides with zinc and water. Ozonolysis of the N-( allyl-
l-e14)-benzenesulfonamide followed by oxidative cleavage with hot 
alkaline silver oxide yielded the other fragment, N-benzene-
sulfonylglycine, which after esterification with diazomethane was 
treated with phenylmagnesium bromide to give N-(2-hydroxy-2,2-
diphenylethyl-l-c14)~benzenesulfonamide. This compound with lead 
oxide in acetic acid gave formaldehyde, again isolated as the 
methone derivative, and benzophenone, isolated as the phenyl-
hydrazone. Activity analyses of the fragments showed that 
100 ! 2 per cent of the total activity of the N-(allyl-l-c14)-
benzenesulfonamide was located in the 1-position of the allyl 
group. 
The labeled starting material, I, was treated with aluminum 
chloride in benzene and the product, II, was subjected to steP-
wise degradation. Hydrolysis of the sulfonamide, II, with a 
hydrobromic acid-phenol mixture gave 3,3-diphenylpropylamine-l-
c14. This was converted to the dimethylamine oxide by treating the 
amine with formaldehyde-formic acid followed by hydrogen peroxide. 
The amine oxide was pyrolyzed to give 3,3-diphenylpropene which 
was ozonized to formaldehyde, isolated as the methone derivative, 
and diphenylacetaldehyde, isolated as the semicarbazone. Radio-
activity analysis showed that the formaldimethone contained 
100 ! 1 per cent of the total activity of the original amine. 
The following proposed mechanism is consistent with all of 
the available experimental data: 
(c6H5)2 cHcH2 CH2 NHY 
II 
XLVII 
/c~ 
c 6H5 CH Cl<H2 
""-N/ 
y 
X XVIII 
y 
The initial attack by the catalyst on the halogen leads to the 
formation of a polarized addition compound, XLVII, (or to an ion 
pair of the type R+ AlX4) which rearranges to form a carbonium 
ion, .possibly stabilized by partial delocalization of the positive 
charge to the nitrogen. Attack by this ion on benzene could 
produce l-benzenesulfonyl-2-phenylazetidine as an intermediate 
which would then react further to give the observed product, II. 
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